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(54) Toner and image forming method 

(57) A toner is comprised of a binder resin, a color- 
ant and a wax. The binder resin has a polycarbonate 
resin in an amount of from 0.1% by weight to 50.0% by 
weight and a resin other than the polycarbonate resin in 
an amount of from 50.0% by weight to 99.9% by weight, 
based on the weight of the binder resin. In molecular 
weight distribution as measured by gel permeation 
chromatography of tetrahydrofuran -soluble matter, the 
toner contains in an amount of 15.0% by weight or less 
based on the weight of the toner a component which 
has in its structure a repeating unit of the polycarbonate 
resin and is contained in components having a molecu- 
lar weight of 1,000 or less. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] This invention relates to a toner for forming toner images in image forming processes such as electrophotog- 
raphy, electrostatic printing, magnetic recording and toner jet recording, and an image forming method employing such 
a toner. More particularly, tWs invention relates to a toner for developing electrostatic images which is used in a fixing 
system in which viable images formed out of toner are heat-fixed to recording mediums, and an image forming method 
employing such a toner. 

Related Background Art 

[0002] A number of methods as disclosed in U.S. Patent No. 2.297,691 , Japanese Patent Publications No. 42-23910 
and No. 43-24748 and so forth are conventionally known as electrophotography. In general, copies are obtained by 
forming an electrostatic latent image on a photosensitive member by utilizing a photoconductive material and by various 
means, subsequently developing the latent image by the use of a toner, and transferring the toner image to a recording 
medium such as paper by an direct or indirect means as the occasion demands, followed by fixing by the action of heat, 
pressure or solvent vapor. The toner that has not transferred thereto and has remained on the photosensitive member 
is removed by cleaning by various means, and then the above process is repeated. 

[0003] A usual full-color image forming method will be described. A photosensitive member (electrostatic latent image 
bearing merrtoer) such as a photosensitive drum is electrostatically uniformly charged by means of a primary charging 
assembly, and imagewise exposure is carried out using laser light modulated by magenta image signals of an original, 
to form an electrostatic latent image on the photosensitive drum. The electrostatic latent image is developed by means 
of a magenta developing assembly holding a magenta toner, to form a magenta toner image. Next, to a recording 
medium transported, the magenta toner image developed on the photosensitive drum is transferred by a direct or indi- 
rect means by means of a transfer charging assembly. 

[0004] The photosensitive drum on which the electrostatic latent image has been developed is decharged by a resid- 
ual charge eliminator, and is further cleaned through a cleaning means. Thereafter, it is again electrostatically charged 
by the primary charging assembly, and a cyan toner image is similarly formed. The cyan toner image is transferred to 
the recording medium on which the magenta toner image has been transferred, and then a yellow toner image and a 
black toner image are successively formed and developed so that the four color toner images are transferred to the 
recording medium. The recording medium having these four color toner images is passed through a fixing roller so that 
they are fixed to the recording medium by the action of heat and pressure. Thus, a full-color image is formed. 
[0005] In recent years, such image forming apparatus are not only used as copying machines for office work to merely 
take copies of originals, but also have began to be used in the field of laser beam printers (LBPs) serving as the output 
of computers and in the field of personal copying (PC) of private use. 

[0006] In addition to the field as typified by LBPs and PC, such apparatus are also being rapidly expanded to plain- 
paper facsimile machines to which basic engines are applied. 

[0007] Under such circumstances, the apparatus are more severely sought to be made small-sized, light-weight, high- 
speed, image high^uality and highly reliable, and such machines have now been composed of more simple compo- 
nents in various respects. As the result, a higher performance has become required for toners, and superior machines 
can now no longer be accomplished unless improvement in the performance of toners is achieved. In recent years, with 
a need fa various modes of copying, demand for color copying is rapidly increasing. In order to more faithfully copy orig- 
inal color images, it is sought to achieve a much higher image quality and a much higher resolution. Moreover, there is 
an increasing demand for the copying of double-side color originals. 

[0008] From these viewpoints, as the toners used in the color image forming process, it is preferable to use toners 
having good melt properties and color-mixing properties when heat is applied thereto and also having a low softening 
point and high sharp-melt properties in a low melt viscosity. 

[0009] Use of such sharp-melt toners makes it possible to broaden the range of color reproduction of copied matter 
and obtain color copies faithful to original images. 

[0010] Color toners having such high sharp-melt properties, however, is so high in affinity for the fixing roller that it 
tends to cause offset with respect to the fixing roller at the time of fixing. 

[0011] In particular, in the case of a fixing assembly in full-color image forming apparatus, an increase in toner layer 
thickness tends to cause the offset since a plurality of toner layers corresponding to magenta, cyan, yellow and black 
ar formed on the recording medium. 

[001 2] In order to allow no toner to adhere to the surface of the fixing roller, a measure has been conventi nally taken 
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in which the roner surface is formed out of a material, such as silicon rubber or a fluorine resin, having an excellent 
reieasability to toner, and. in order to prevent offset and to prevent fatigue of the roller surface, its surface is further cov- 
ered with a thin film formed using a fluid having a high releasabiGty as exempTrf led by silicone oil or fluorine oil. However, 
although this method is very effective in view of the prevention of the offset of toner, it requires a device for feeding an 
anti-offset fluid, and hence has such a problem that a complicated fixing assembly is required. In addition, the applica- 
tion of oil may bring about separation of layers on the fixing roller, and consequently, shorten the lifetime of the f being 
roller. 

[001 3] AccorcOngly, based on the idea that thef luid for preventing offset should be fed from the inside of toner particles 
at the time of heat fixing, without use of any device for feeding silicone oil, a method has been proposed in which a 
release agent such as a low-molecular-weight polyethylene or a low-molecular-weight polypropylene is added in toner 
particles. 

[0014] Japanese Patent Publications Ma 52-3304 and No. 3305 and Japanese Patent Application Laid-open No. 57- 
52574 disclose that as the release agent a wax is incorporated into toner particles. 

[0015] Japanese Patent Applications Laictopen No. 3-50559, No. 2-79860, No. 1-109359. No. 62-14166. No. 61- 
273554, No. 61-94062, No. 61-138259, No. 60-252361, No. 60-252360 and No. 60-217366 disclose techniques for 
incorporating waxes. 

[0016] In the case of Hack toners, release agents having a relatively high crystallizability as typrfied by polyethylene 
wax and polypropylene wax can be used in order to improve high-temperature anti-offset properties at the time of fixing. 
However, in the case of full-color toners, this crystallizability of release agents may cause great damage to the trans- 
parency of OHP (overhead projector) toner images when outputted. Moreover, the wax may cause a lowering of block- 
ing resistance of toners, and a lowering of developing performance because of migration of wax toward toner particle 
surfaces when toners are exposed to heat as a result of temperature rise in image forming apparatus such as printers 
and copying machines and also when toners are left standing for a long term. 

[0017] To cope with such problems, various improvements are attempted from the aspect of binder resin. More spe- 
cifically, a crossrlinking corrponent or a high-molecular-weight component is used in a binder resin in a larger quantity 
so that the high-temperature anti-offeet properties at the time of fixing can be improved. 

[0018] This method can certainly improve high-temperature anti-offset properties to a certain extent and also can be 
effective for improving durability such that external additives are prevented from being buried in toner particle surfaces 
and toners are prevented from melt-adhereing to the photosensitive member and toner carrying member. 
[0019] However, this method conflicts with the Improvement of grindability and low-temperature fixing performance of 
toners, and there is still room for improvement in order to achieve both the high-temperature anti-offset properties or 
durability and the low-temperature fixing performance. 

[0020] Accordingly, to solve the above problems, much hope has been put in the development of novel toners. 
[0021] To cope with the above subject, a toner produced by suspension polymerization is proposed (Japanese Patent 
Publication No. 36-10231). In this suspension polymerization, polymerizable monomers and a colorant (and also 
optionally a polymerization initiator, a cross-linking agent, a charge control agent and other additives) are uniformly dis- 
solved or dispersed to form a monomer composition, and thereafter this monomer composition is dispersed in a contin- 
uous phase (e.g., an aqueous phase) containing a dispersion stabilizer, by means of a suitable stirrer to simultaneously 
carry out polymerization reaction to obtain toner particles having the desired particle diameters. 
[0022] In this suspension polymerization, droplets of the monomer composition are produced in a dispersion medium 
having a large polarity such as water, and hence what is called core/shell structure can be formed in which components 
having polar groups, contained in the monomer composition, tend to present at the surface layer portions which are 
interfaces with the aqueous phase and non-polar components are not present at the surface layer portions. 
[0023] Because of encapsulation of the release agent wax component, the toner produced by polymerisation makes 
it possible to achieve both the low-temperature fixing performance or blocking resistance and the high-temperature anti- 
offset properties and also makes it possible to prevent high-temperature offset without applying any oil release agent to 
the fixing roller. 

[0024] Toners for developing electrostatic images commonly oontain a binder resin and a colorant as essential com- 
ponents, and various methods for improving binder resins are proposed for the purpose of improving the developing 
performance, fixing performance, storage stability and environmental stability of toners. For example, with regard to the 
above toners produced polymerization, a method is presented in which shells of a resin having a relatively low glass 
transition temperature (Tg) are covered with a resin having a relatively high Tg in order to achieve both the low-temper- 
ature fixing performance and the storage stabUity (e.g., Japanese Patent Application Laid-open No. 5-197203). How- 
ever, most resins having a relatively high Tg which ar used therein are polar resins having a moisture absorption, such 
as polyesters. Even though such resins can achieve both the low-temperature fixing performance and the storage sta- 
bility, they have often caused a problem on charging stability resistant to environment variations. 
[0025] Moreover, toners are commonly known to undergo deterioration caused by external additives that may be bur- 
ied in toner particle surfaces when images are printed on many sheets, to adversely affect the images. As a means for 
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improving the running performance of toners, a method is available in which the binder resin is made to have a higher 
mechanical strength. Since, however, problems may actually arise on the grindability of the binder resin and the fixing - 
performance of toners, it is commonly difficult to use such a tough resin as a binder resin. 

[0026] As resins having superior mechanical strength, electrical characteristics and aging resistance (weatherability), 
s polycarbonates are commonly widely known and are used in various purposes. Some methods in which polycar- 
bonates are used as binder resins are disclosed also in respect of toners. 

[0027] For exarrple. Japanese Patent Application Laid-open No. 46-28588 discloses an image forming method mak- 
ing use of a specific polycarbonate copolymer and a granular earner. According to this publication, a toner having a 
superior blocking resistance can be obtained by using a specific polycarbonate copolymer as the binder resin. However, 

w according to this publication, a polycarbonate copolymer having a glass transition temperature of from 70 to 95°C is 
used as the binder resin and also any wax component is not contained in the toner, resulting in a very poor low-temper- 
ature fixing performance. Thus, there is room for improvement. The publication also has no description as to any influ- 
ence on electrophotographic performance that may be caused by impurities contained in the polycarbonate copolymer. 
The publication still also discloses, in Examples, processes for producing toners by spray drying and pulverization, but 

15 has no disclosure at all as to differences in transfer performance of toner images from the electrostatic latent image 
bearing menfcer to the recording medium and differences in charging uniformity, which are ascribable to the shapes of 

the toners obtained. . L . , . 4 x , 

[0028] Japanese Patent Application Laid-open No. 63-208863 discloses a method in which a polycarbonate terpoly- 
mer with a specific structure, having a glass transition temperature of about 50°C, is used as a binder resin of a toner 

20 for flash fixing. According to this publication, the toner can be free from any bad smell and eluted matter because the 
binder resin polycarbonate terpolymer does not thermally decompose during flash fixing, and a toner having a good fix- 
ing performance can be obtained even though it contains no wax component. On the other hand, however, since only - 
the polycaibonate terpolymer having a low glass transition temperature is used as the binder resin, the toner has not 
reached satisfactory levels in respect of blocking resistance and running performance. Also, since the toner is one 

26 designed for flash fixing, it is difficult for the toner to be applied to a type of fixing assembly. e.g., in which the toner 
comes into contact with a heating element as in heat-roll fixing. 

[0029] U.S. Patent No. 4,457,998 also discloses a toner having a structure wherein a linear binder resin is incorpo- 
rated in a binder resin cross-linked in a high degree, and states that a polycarbonate copolymer can be used as the 
highly cross-linked resin or the linear binder resin or as both of the two. In the specif ication of this publication, however, 
30 there is no disclosure of an example where the polycarbonate copolymer is used, and it is unclear about any effect 
obtainable when the polycarbonate copolymer is used as the binder resin. 

[0030] Japanese Patent Application Laid-Open No. 5-273782 discloses that filming can be prevented by using a toner 
with a value of Izot impact strength of 2 to 500 kg • cm/cm when made into a plate in an image forming method using a 
developing roller in which many minute closed electric fields are formed near the surface of the developing roller. It is 
35 said that a mixture of styrene-acrylic resin and polycarbonate may be used as a binder resin for the toner. However, in 
this publication, there is no description about polycaibonate. In addition, it has conducted no investigation of a compo- 
nent which has a repeating unit of polycarbonate and is contained in components having a molecular weight of 1 ,000 
or less in a molecular weight distribution as measured by GPC. and the molecular weight of the polycarbonate. 
[0031] Japanese Patent Application Laid-open No. 6-43688 discloses a method in which a polycarbonate copolymer 
40 having a specific structure that exhibits thermotropic liquid-crystal properties is used as a binder resin. The polycar- 
bonate copolymer that exhibits thermotropic liquid-crystal properties usually has a high crystallizability, shows a gentle 
heat softening behavior up to its melting point, and further abruptly liquefies (melts) upon temperature rise to cause a 
decrease in viscosity and a drop in temperature. Because of such properties, the toner in which such a polycarbonate 
copolymer is used as the binder resin, even though it contains no wax component, can be fixed at a low energy while 
45 maintaining the grindability and blocking resistance. However, since the toner disclosed in this publication is constituted 
only of one kind of binder resin, the toner is so low in a viscosity at the time of "its melting that what is called high-tem- 
perature offset is brought about where the molten toner adheres to fixing members such as heat rolls. Such a problem 
remains unsettled. Moreover, the publication has no specific description as to any influence on electrophotographic per- 
formance that may be caused by impurities contained in the polycarbonate copolymer and as to the shape of toner par- 
se tides. 

[0032] As previously mentioned, in recent years, among users there is an increasing demand for the copying of dou- 
ble-side originals or the double-side copying of single-side orginals. Thus, double-side images having a higher image 
quality and a higher reliability are required for such purpose. 

[0033] Among various problems of conventional techniques for double-side color copying, one of the most important 
55 subjects is paper curl that occurs after the fixing on one side. If this paper curl greatly occurs, the fixed images may have 
too poor transport performance to obtain images having a high image quality and a high reliability. To cope with this, 
toners are required to have, e.g., the performance of providing high-quality images satisfying imagedensity, color repro- 
ducibility and so forth are obtainable in such a state that the toner is transferred to the recording medium in a small 
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quantity. Forthisend.it becomes necessary to improve me coloring^ 

2oS since images that pass through a fixing assembly twice occur, it is required to be more improved in the high- 
temperature anti-offset properties. 

[0034] in conventional full-color copying machines, commonly used are a method in ^ i *^^ e [ ^ e e ^ e 

bers and a belt-like transfer member are used, where electrostatic images formed on the photosens We mentiera are 

developed by the use of cyan, magenta, yellow and black toners and thereafter a recording rnedium .» 

Se^e photosensitive members and the belt-like transfer member to transfer toner .mages by str^ght-pa^ form- 

fr^TfuSWimagt. and a method in whic* a recording medium is wound 

e^oScforceorbyamechanica. means such as a gripper. the transfer member being sel^ 

sitlve member, where the steps of development and transfer are carried out four tomes, finally obtammg a full-color 

maa In recent years, as recording mediums for full-color copying, it has become increasingly necessaryto expand 
Sals to Susies including not only usual paper and overhead projector (OHP) films but also cardboards and 
M of^ such as cards and postcards. In the above method making use ^^^T^ 
betTheVecording medium is straight transported, and hence the method can be widely app.,ec^ 
ing mediums. However, since a plurality of toner images must be superimposed accurately at B^^^J" 
recording medium there is such a problem that even any slight misregistration makes it difficult to obtam high-qualrty 
m^^r'eSodudbOity. requiring a complicated "^^^^^^TlTZl 
necessity for reliability higher and the number of component parts larger. Moreover, when cardboards having a large 
bSSgW are useJin a method in whk* the recording medium is wound aroundthe ^J^^^u 
fen the rear end of the recording medium may cause faulty attraction because of a strong stiffness of the ecording 
mSil Ssiuen«y undesirably causing faulty images ascrfcable to transfer. Similar faulty images may also occur 

TS^afa s^ystontthat can be applied in various record^ mediums and can be miniated, a prcc«* 
SS. nSg ui o. an intermediate transfer member is proposed. For example fu^or app^ 
employing a dL-shaped intermediate transfer member are already known as disclosed m US. Patent No. 5.187.526 
and Japanese Patent Application Laid-open No 4-16426. JiMMinhraiaf 
mm The above U SPatent No. 5,187.526 discloses that a high image quality can be achieved when an intermedi- 

SyMw o -cm and a transfer roller comprising a similar surface layer is made to have ^olumj^stovrty^ 
10* n • cm or above. In such a system, however, a high-output electric field is necessary for imparting transfer charges 
to me ton* in aluXient quantitywhen the toner Is transferred to the recording medium, and hence a ^nd^-pro- 
Sding ag^isd^ersed S the surface layer formed of pdyurethane. This surface layer may locally wM» 
ZEy cause a conspicuous image disorder in halftone images where the toner .s laid ,n a smaller quantrty. 
ZoS ^n^nmeTof high hZity which is hfcherthan 60%RH (relative ^ 
hiah voltaae tends to cause faulty transfer because transfer electric currents may leak as recording med'ums are i made 
to havl^er^stSce. Mealmile. in an envimnment of low humidity which is tower than 40%RH (relatve hunfe- 

itvl it mav also cause faulty transfer ascribable to non-uniform resistance of recording mediums. 

5nqT in the fuU-color image forming apparatus in which a plurality of tonerimages are 
on^son the imermedfate transfer menfoer are ina^ 

terrain as transfer residual toners in a larger quantity. Hence, it becomes necessary to strengthen the shear force or 
Sg forSSg?etween the intermediate transfer member and a (taring member. Accordingly, when cd« toners 
EaflMdfixing performance are used, the melt-adhesion or filming of toner tends to occur on the surface i of the 
iSi^foS me^foTso that transfer efficiency may become poor and prablerr* on color <*« 
tatencT tend to occur because of four color toner images not uniformly transferred in full-color copying. Thus rt has 
been difficult to stably form full-color images with a high image quality. That is. also in this transfer step, toners having 

Ser member, named are Japanese Patent Applications Laid-open No 59-15739 and No 59-5046. Thesep^ca- 
SJhowever. onty indicate that a toner with parfele diameters of 1 0 ^m or smaller ^transferred in aj*^ 
by me use of an adherent intermediate transfer member. Usually, in the system employing me ;n1errned»ate transfer 
mW. toner visible images must be once transferred from the photosensitive member to me .merrr^^e tranter 
meXandfortheragainL^^^ 

fer^Scy of toneZst be made much higher than that in the above ^^^^^'^^ 
SbTcopySg machine is used in which a plurality of toner images are transferred after dertopma* ft* tana me 
SotoSLve member are in a larger quantity than a monochromatic black toner used in Wack-and-whrte copying 
m^es^"s« 

fenal toners are used, me melt-adhesion or filming of toners may occur on the surfaces of me photosensrbve member 
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and intermediate transfer member because of Iheshear force or rubbing force acting between the photosensitwe mem- 
^^nteSate^n^member and the cleaning member and/or between the photosens.tve member and the 

color balance tend to occur because of four color toner .mages not umformly transferred in full-color copying, 
has been difficult to stably form full-color images with a high image quality. 

10040] in addition, as toners set in usual fuller copying machines, all the color toners ^^^" r p 
Sin tosteD o fixing From this viewpoint, the improvement of color reproduoMrty and the transparency of OHP 

r^ot^sttd at stearins means. Such means arethoaa By which me ^t^™ 8 ""^^^^? 
^T™Mr^»ec*e>ed o« « Mocked up so that it is ooHoaod In tie waste tones container. Homte. tteoauseof 

rZecZ^Xitt^nommav 

„a M „^ Klrt rcioM NnnB «f these however, refer to any desirable toner composition. 

- ^n a cteaSSSc^e?sS; deaning^evelopment) having substantially no clearing assem- 

EEL e^atTp^ei^ in^hich the surface of the photosensitive member fc rubbed wth a toner and a 
toner SlEfe mVcause deterioration of the toner, deterioration of the toner carrying member surface 
mSSSSm wear of the photosensilive member surface as a result of long-term operaton. W^ proWem 
^ZSnrfnS performance. Any conventional toners attaching importance to fixing performance can not 

* Z£SZ£> JSSd is also sought to provWe a technique that can achieve bo* fixing performance and 

TMilas tf^ses a technique of a polymerization toner having the effect of restraining the deteriorating me toner 

45 S — WaLatxe. and the publication does not mention at all any influence coming from the compoaton of 
resin It also has no disclosure relating to the compatibility with fixing performance. 

aSaSsTpatent Application Uid-open No. 8-305074 discloses a cleaneriess .mage formmg method matang 
5 a ShS a speS plrtcle shapeand having 1,000 ppm or less of residual 

l ^SS inTation toft, adhesion of toner to the surface of the photosensitive member or toner 
so carrying member. 

SUMMARY OF THE INVENTION 

[0046] An object of the present invention is to provide a toner solving the problems arising in prior art, and an image 

" JS? tSeSS'S S^invention is to pro* afoner for d-MHj-*^ 

Kmnn^lmance and a high transfer efficiency, and an image forming method 2^££SSch _ 
[0048] Still another object of the present invention is to provide a toner for develops electrostatic .mages wh«h may 
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less vary in charging pertorman^ 

the binder resin; and measured by gel permeation chromatography (GPC) of tetrahydro- 

roS^eT-nl^c^so proves an image forming method comprising the steps of; 
(Qexternallyapplyingavottagetoa 

other than the polycaitoonate resin in an amount of from 50.0% by we.ght to 99.9% by wagnt, oasea o 

f, ira nr™R^uhle matter the toner contains in an amount of 15.0% by weight or less based on the weight of 
^^a^^^^^s a repeating un* of the polycarbonate res*, conned ,n corrpo- 
nents having a molecular weight of 1 ,000 or less. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0053] 

R « e ia iBand iCdiaflrammatically illusfrate cross sections erf toner partid^ 

X 7 is an ertarged transverse cross section showing a state of a film when a fixing assembly used in Examples 

ZH™* schematic illustration of another developing assent preferably used in the presennr^on_ 
Figs 1 0A aTdToBotogrammatic iliustrating how blank areas caused by poor transfer are present .n a character 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0054] As a result of extensive studies, the present invents have discovered that a toner having a ^ 
Encelndagood transfer efficiency can be obtained by using a polycarbonate resin as part of a binder res .and 
Srconto7ngTe«,ntent of a specific compound contained in the toner. Thus, they have accomphshed the present 

S° n |t « essential for the toner according to the presem invention to be constituted of at least a binder resin, a col- 
L>n* and a wax mmjonent and to contain a polycarbonate resin as the binder resin. 

Sr^no^rSeTin 0 „. esse^al component in the present invention, has in fts mo.ecu.ar structure a 
repeating unit represented by the following Formula (I) 



15 



(-0-R-0-C-) - 
0 



(i) 



SS" ThTS B M uZp^SSd by the above Formute (!) indudes those having various structures. AH known 
Xting process. For exanple. it may include polymers having a repeating unrt represented by the following Formula 
(ID 
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30 



35 



II 

0 



(R*)» (R 2 )- 



(II) 



wherein R 2 represents a hydrogen atom, an aliphatic hydrocarbon group or an aromatic subsftuent m W™^™ 
in^ JfO Zari when R 2 is in P ,ura.ity, they may be the same or drffererrt; ard Z represent a hngge represented 
. J ; cinnifl hnnH an alinhatic hvdrocarbon group, an aromatic substituent, -S-, -SO, -o or -ou*. 
K t S'^r^^able fl various mutes. Usually, it can be readily produced by allowing a diva- 

lent phenol represented by any of Formulas (III) to (V): 
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(R 2 )» ^» 

ho-^>-z-^Q>- oh 



(III) 



JO 



(IV) 
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-(OH), 



(V) 



.er^rep^ 

Sr^Hh a carbonate precursor such as as P h0Sflene " "* I 1 B 

by. e.fl.. allowing the divalent phenol to «M ^g*^ Lsesterification. in a solvent such as methylene 

phenol and a carbonate precursor such asdphen* JJJ f 

chloride in the presence of a known ^ OT ■> (V) may include various ones, and may .ndude 
100591 Thedivalerrtphenolsrepresemed^^ Jia also dihydroxyarylalkanes such asl m£ 
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naph1hyl-1.1*is(4-hydroxyphenyl)e1hane. JP" 6 ^ • -hydroxyphenyl)propane. '^^JS^JS* 
2Hmethvl-1 1-bis(4-hydroxyphenyl)propane. a**^*"™"* ui^nyiQxypheriyObutane. 2.2*.s(44iydroxyphe 

P nyS^,4*is(4-hyd^ K^hSSS^ 4.4^s(4*ydroxyphenyl)heptane. 2* 
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oSSSS.es Sch as ^^^^^^f^Z^^^^ ketones sue* as 
eZssuch as bis^droxyphenyl) ether a ^f^^^XrWr«none; dihydroxyaryl suHries such as 
HSroxybenzophenone and S*^**"? 8 ^ «"« 
S^iSdrStenS) sulfide, cfih^phenyte such as ♦.^ihydroxyd.phen^; 
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Sodium chloride can be removed relatively, wrth easein ^J^J^ISSS^ and low-molecular- 
boiling impurities, however, remain in the V^^^^J^ 1 TiSSLm and components 

^n^mon^ 

having repeating unrts of the polycarbonate resin .n ™ e ^™ compound having two or more hydroxy! groups 

polycarbonate oligomers or the compounds formed by ester acid intervening therebe- 
per molecule and a ^^n^ucha ^" ^^.en toners containing such 

tween). which are used when the polycarbonate resin is P™°"""' " d serious problems such 

monomers and components in a large quantity are produced. SSSJKSLSK^ of environ- 

as a lowering of charge quantity of toner (a ^^^f^^^^^jZ^e impurities, a bad 
mental stability of toner, a coloring (a change in color of '™8^ *" e ™ £££d£ ?cryJLonof impurities, 
smell of impurities at the time of fbdng. ^^fj^^^^^^^ stepsln a pu.- 

made by the present inventors. molecular weioht distribution as measured by GPC 

[0067] The toner of the present '"venti^ is so ^ted*at JjSSnate resin, contained in 
of THF-soluble matter, the «*>m«™"B » * *J« J H.mpTent having a repeating unit of the polycar- 
the components having a molecular we.ght of 1.000 or less, us tne compons » k less 

bonate resin in the structure and having «™£ ute ' w ^ 
, based on the weight of the toner. As stated above, the c ?^^^^^2^mtte resin in the structure 
properties of toners include not only Ihe component havng a ^^"^^S"^ ^ ^ a ^ 
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teined in components having molecular we,ght of ,' e ^ " 0 W u 7 methods . For example, the toner may 

of THF-sotuble matter, can be qualitatively and quantitatively analyzed by wmous 13c . NMR T jnfrared 
beanalyzedbysp*ctre^pysu^ 

tonspectrosoopyO^Rarr^n^ and X chemical 

mentary analysis. GPC. gas chromatography (GC). >*£2""ft SSarnwbe^ected to Soxhlet extraction with 
analyses. When it is difficult for the toner to be ^^^^^^^^m,^ may be concen- 
a solvent capable of dissolving binderres.a such as '^^"^"f^^S means may also be 
trated with an evaporator, and thereafter rihe ^J^^^^^J^Smdcd^b,*^ 

hydrolysis of the polycarbonate oligomers ^ "T~™"2Tmi ecule and a pofymerization terminator such as a 
linkage of a compound having two or more f|Aql ^^^^^SLs originally contained in the 
monovalent phenol wHh a carbonic acid intervening i^Mj SSedas the content of the polycarbonate 
polycarbonate resin (at the lime of polymerizaton) ^ 

o, r e re and»„ 

tion of from 0.4 to 0.6% by weight. 

Apparatus: Highspeed GPC HLC8120 GP^^red by Tow to. £0 (avai!aWe from Showa 

Columns: Combination of seven columns, Shodex KF-801 , 802, 803, 804, bud, suo ana 



Denko K.K.) 
Eluant: Tetrahydrofuran 
Row rate: 1.0ml/min. 
Oven temperature: 40.0°C 
Amount of sample injected: 0.10 ml 
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in the region of molecular weight lower than 1 .000, it may adversely affect chargmg performance, ^ n *° <f 
rrXuTwsight higher than 500,000. its melt viscosity may be so high as to cause a problem on « P^'™; 
XTle^onate resin used in me present invention is produced, a surfabto -^laj we,ght regulator, a 
branching ageJrt for proving visooetasticrty and a catalyst for accelerating react.cn may optionally be usad. 
r«I74l in the oresent invention, the polycarbonate resin may be in a content of from 0.1 to 50% by weight, preferably 

™ agonal resin used as the binder resin in combination with the polycarbonate resin may bein ^ content of from 50 
to n» by S* Preferably from 60 to 99.8% by weight, and more preferably from 70 to 995% by waght In «ie 
ton?r'ahi«ecilar^^ 
mofe^ 

oeraTre^ 

to ScSs Tb ton* sodSgned. causing a problem H on the other hand the polycarbonate resin .n the binder resin is 
? n J TSSV!!SoS, by weigwVsuperior running performance and transfer efficiency which should be 

arhieved bv tfie present invention can not be realized- • ■ 

?S ^e^rfionalresinusedinthepresertirnrention 

Scry^reTrXSer resins. styrene*utadiene resins and epoxy resins which are commonly used In particu- 
TXSmfc S and poTyeX resins and epoxy resins may preferably be used. These resins rray be 
VoSSSTw methodsFor example, styrene^crylic resins can be obtained by P*mm^^ * r 
KSJ, soecificallv preferably used are styrene monomers such as styrene. o-. m- or p-methylstyrene, and m- 
^££££5 o nSSZm -oncers such as methyl acrylate or methaaylate^ylaoryljeorme^ 
a^Sprarf acSe or mesylate, butyl acrylate or mettecry.ate. octy. ^ r2S folate * 
yYate or methacrylate. stearyl acrylate or methacrylate. behenyl acrylate or methacrytate, ****** 
mesylate, o^nethylaminoethyl acrylate or methacrylate. and diethylaminoethy. acrylate or 
monomers such as butadiene, isoprene, cyclohexene. acrylo- or methacrylonrtnle and acrylic acdamde^^ erf these 
^VK^^ninnf, or usually used in the form of an appropriate mixture of monomers so mixed that the theoretical 
^^°to^^ de^Sd in a pSaL POLYMER HANDBOOK. 2nd I « ^3*192 
T^n wZv*. SonsTlnc ) ranaes from 40 to 75°C. tf the theoretical glass transition temperature is lower than 40 C. 
pr* JH r^S TespSTsZge stabi.«y or running stability of the toner. If on the other hand it is h-ghertten 
;? C meSg P^rtofTtoner may become higher. Especially in the case of color toners used to form fuller 
Sag« it* c^mixing performance of the respective color toners at the time of fixing may lower, resulting n a ^poor 
STep^udbility, aSabothe transparency of OHP images may lower. Thus, such tenperat^esare not prefer^ 
[0076] I" the present invention, the polycarbonate resin may preferably be present on the surfaces of toner particles 

because the toner can be more improved in running performance. 

m the toner of the present invention, where the polycarbonate resin may preferably be P^^^ u /^ 
Srpartides.thepresenceofthepolycarbon^ 

toud analytical means For example, first, cross sections of toner particles are observed on a TEM ^rn^ elec 
'°„ SSoe)to confirmTetiier or not the surface portions of the toner particles each form a contrastWhen the 
^SSSS es£ Sesent on the surfaces, such portions form a contrast usir* 
ffftS). the composition of the resultant toner r*rtide surface is anatyzed by irrfrarrf 

while cLgin7*e scanning speed of a movable mirror. When a continuous or discontinuous contrast is seen at the 
ton^ S sutces by 2 TEM observation and ateo the presence of f^^^^ 
- ic icypAs it can be judged that the polycarbonate resin is present on the toner particle surface, sesiaes me 
S^S TSfaWiS M. are available^., corrposrtiona. analysis of toner P^^^^T 
spectroscopy and the PAS in combination, elementary analysis of toner particle surfaces byESCA f^^* 0 " ^f**^?||] 
SpyTThSnical analysis), and elementary analysis of toner partide surfaces using 

with an energy dispersion type X-ray spectroscope or an electron ray energy analyzer. Any of these analytical means 

continent mav oreferably have a main peak in the region of a molecular weight of from 5.000 to 100,000 and a i ratio 
oTS-S: fmTecufaTwe^ht (M^to a number-average molecufar weight (Mn). Mw/Mn. of from 2 to 300. ,n 
molecular weight distribution as measured by GPC of THF-soluble matter. C cm»«mminn 
Theton^raccordngtothepresentinventionrrw^ 
and the value of a shape factor SF-2 of from 100 to 140 as ^^^J^^^JZZZ^t 
e^h^ethevalueofthe^ 

120 In addition it may particularly preferably have th value of (SF-2)/(SF-1) of 1.0 or less, 
oral In SeS Sntiw. the SF-1 indicating a shape factor is a value obtained by faking at random 1 00 sam- 
plTito^S ta^es magnfled 500 times by fhe use of. e.g.. FE-SEM (S-800; a scanning efectron miooscope 
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value obtained is defined as shape factor SF-1 . 
5 Shape factor SF-1 = (MXLNG) 2 /AREA x it/4 x 100 

wherein MXLNG represents an absolute maximum length of a toner particle, and AREA represents a projected area "of 
S "St*, factor SF-2 raters to a value obtained by calcufction according to the fdtowlng expression. 
10 Shape factor SF-2 = (PERI) Z /AREA x 1/4* x 100 

wherein PER. represents a peripheral length of a toner particle, and AREA presents a projected area of a toner par- 
£tq The shapefactor SF-1 indicates^ degree of sphericHyoftonerpartic.es 

nal additive tends to be embedded in toner p^tde S£E M £*M? r23ds the polycarbonate resin in 
image quality in many cases. Hwever. .n the presert .nventon^ 

an amount of fromO.1 to 50% by weight (shapeless), which is 
ration of image qualrty. If SM * more 1han ^^^^^^^ner imagelare transferred from the 
not preferable because the transfer J^SI^Sm ^ the dectrostatic latent image bearing mem- 

electrostatic latent image bra member to ftei f^Se tiSsfer member to the recording medium. If SF-2 

10084] 

ing medium. ^ . Q „ u when fuii^oior copying machines are used in which a plural- 

[00851 The above ^^ZZ^rXt sS^^^^ <* Mot ^ * * 

ity of toner images are developed and ^^^Jg^^iL intermediate transfer member is used, prob- 

of recoiling mediums. In this instate me franjerstep « ^™ y ™ f „^ w ing machines or printers. 
as ciency decreases the efficiency of utilizing toners, which * a ^^ n ' n ^'™ ^ J ( n) fi(ter and a R 
acolor image origin, mu^^^ 

(red) filter and thereafter a 20 to 70 um dot latent ^^S^B^mt»^ mixture using a Y (yellow) 
color image faithful to the original can be u* ™l Y toner M toner. C toner and B toner are 
toner, a M (magenta) toner, a C (cyan) toner and * J^^""£ r * J™ J ^ quantity in accordance with 
so superimposed on the photosensitive member or ^^^TI? " the present invention are required to 

whose shape factors SF-1 and SF-2 fulfill the conditions J*^*™- ^ ^ toner may have a 

[0088] in order to faithfully develop minute -««» ** preferably from 4 um to 8 pm. 

55 Uight-averagepartided-^^^ 

and a coefficient of variation (A) ' t^j« e n^jve member or intermediate transfer mem- 
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measured with a Coutter counter. ,„ ian , I farh.rad hvCoulter Electronics. Inc.) is used as an apparatus 

10090] Fbrexample.^ 

lor measurement. An .ntertace (manufactured D£j»«* Ihinn ^ ^ueous 1% NaCI solution is prepared usingfret- 
isconnectedwrthapersonalconiput*^ 

grade sodium chloride For example. MIGM MM ^^SSSSSSSS^ an al^benzenesulfonate) 
merrtiscanled out by adding asadispe^ 

expression. • - • 

Coefficient of variation A = [S/D 1 ]x100 

wherein S represents a value of standard devttion in the number dstribuSon of toner partides. and D, represents a 
number-average particle diameter (pm) of the » pvW lea ^ ^ derjvatjves 

[0092] The wax component used .n the^ tonerof «»P££"£^ i d«W** polyolefin wax and 

monomers, and graft modified products. ft temperature range of from 40 to 130°C. pref- 

[0093] Thewaxcomp^enthasamax.mum*^ 

erably from 50 to 100-C. atthetimeof ^ n ^2SS^eran ge gre^o^ 
orimeter. The concert havinga.^^ 

,o low-temperature fixing and also effectvely *** ^Tj^^SSlna in poor High-temperature ami- 
ture lower than 40«C. the wax component ^^^^^^^tnZmJm^t^ peak is at a tem- 
offset properties and also an excessnraly h,gh gloss. If ^^jj^™^ may be difficult to appropriately 
perature higher than ^J^SZS y^^^^SinatU*^-..^ 
smoothenfixechmage surfaces. H^^ a " y n ^"3y obtained by carrying out granulation and polymer.zat.on 

tion if the endothermic peak is at a high tenperature. i .„ mnnnpn t ia measured according to ASTM D341 8- 

yellow, magenta and cyan colorants ^^ bel ™ ™ y * e ^ ensation azo compounds, isoindolinone compounds. 
[0097] As yellow colorants, compounds ftp* ^^SSS S 2de compounds ar used. Stated 
anthraquinone compounds, azo metal coni*** ^^J^^MO* m m 128. 129. 147. 168 and 
Specifically. CI. Pigment Yellow 12. 13. 14. 15. 17. 62. 74. 83. 93. 94. *r. iu* 



so 
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180 are preferably used. 

[0098] As magenta colorants, condensation azo compounds, diketopyroroiopyrr compounds, anthraquinone com- 
pounds, quinacridone confounds, basic dye lake compounds, naphthol compounds, benzimidazolone compounds, 
thioindigo compounds and perytene compounds are used. Specifically, C.I. Pigment Red 2. 3. 5, 6. 7, 23. 482, 48:3, 
48:4, 57:1. 81:1, 144, 146, 166, 169, 177, 184, 185, 202, 206. 220, 221 and 254 are particularly preferred. 
[0099] As cyan colorants, copper phthalocyanine compounds and derivatives thereof, anthraquinone compounds and 
basic dye lake compounds may be used. Specifically, C.I. Pigment Blue 1 , 7. 15:1 . 15:2, 15:3, 15:4. 60, 62 and 66 may 
particularly preferably be used. 

[0100] These colorants may be used alone, in the form of a mixture, or in the state of a solid solution. The colorants 
are selected taking account of hue, chroma, brightness, weatherability, OHP transparency and dispersibility in toner 
particles. The colorant may preferably be used in an an amount of from 1 to 20 parts by weight based on 100 parts by 
weight of the resin components. 

[0101] The toner of the present invention may also make use of a magnetic material as a black colorant so that it can 
be used as a magnetic toner. Magnetic materials usable here may include iron oxides such as magnetite, hematite and 
ferrite; metals such as iron, cobalt and nickel, or alloys of any of these metals with a metal such as aluminum, cobalt, 
copper, lead, magnesium, tin, zinc, antimony, beryllium, bismuth, cadmium, calcium, manganese, selenium, titanium, 
tungsten or vanadium, and mixtures of any of these. 

[0102] The magnetic material used in the present invention may preferably be a surface-modified magnetic material. 
When used in the toner produced by polymerization, materials having been subjected to hydrophobic treatment with a 
surface modifier which is a substance having no polymerization inhibitory action are preferred. Such a surface modifier 
may include, e.g., silane coupling agents and titanium coupling agents. 

[0103] These magnetic materials may preferably be those having an average particle diameter of 2 *im or smaller, 
and preferably from about 0.1 to 0.5 urn. The magnetic material may preferably be contained in the toner particles in an 
amount of from 20 to 200 parts by weight, and particularly preferably from 40 to 1 50 parts by weight, based on 1 00 parts 
by weight of the binder resin. The magnetic material may preferably be those having a coercive force (He) of from 20 to 
300 oersteds, a saturation magnetization (as) of from 50 to 200 emu/g and a residual magnetization (or) of from 2 to 20 
emu/g, as magnetic characteristics under the application of 10 K oersteds. 

[0104] As charge control agents used in the present invention, known agents may be used. In particular, it is prefer- 
able to use charge control agents having a high charging speed and capable of stably maintaining a constant charge 
quantity. When toner particles are directly produced by polymerization, charge control agents having neither polymen- 
zation inhibitory action nor solubilizates in the aqueous phase are particularly preferred. As specific compounds, neg- 
ative charge control agents may include metal compounds of aromatic carboxylic acids such as salicylic acid, naphthoic 
acid and dicarboxytic acids; metal salts or metal conrplexes of azo dyes or azo pigments: polymer type compounds hav- 
ing a sulfonic acid or carboxylic acid group in the side chain; boron compounds; urea compounds; silicon compounds; 
and caryesarene. Positive charge control agents may include quaternary ammonium salts, polymer type compounds 
having such a quaternary ammonium salt in the side chain, guanidine compounds and imidazole compounds. The 
charge control agent may preferably be contained in the toner in a amount of from 0.5 to 10 parts by weight based on 
1 00 parts by weight of the binder resin. In the present invention, however, the addition of the charge control agent is not 
essential. When two-component development is employed, the triboelectric charging with a carrier may be utilized, and 
also when non-magnetic one-corrponent blade coating development is employed, the triboelectric charging with a 
blade member or sleeve merrtber may be intentionally utilized. Thus, the charge control agent need not necessanly be 
contained in toner particles. . _ 

[0105] Methods for producing the toner according to the present invention may include various methods. For example, 
whe produced by pulverization, the binder resin containing the polycarbonate resin, the wax component, the colorant 
and/or the magnetic material, the charge control agent and other additives are thoroughly dispersed by means of a mix- 
ing machine such as a Henschel mixer or a ball mill, the mixture obtained is melt-kneaded using a heat kneading 
machine such as a pressure kneader or an extruder, then the kneaded product is cooled, and the cooled product is col- 
lided against a target by a mechanical means or in a jet stream so as to be finely pulverized to have the desired toner 
particle diameter. Thereafter, the pulverized product is optionally treated to makB toner particles smooth and spherical. 
Subsequently, the pulverized product is further brought to a classification step to make its particle size distribution 
sharp. The classified powder is further well mixed with a fluidity-providing agent such as fine silica particles by means 
of a mixing machine such as a Henschel mixer, thus the toner of the present invention can be obtained. When this pul- 
verization method is enployed, the polycarbonate resin and other resin may be dissolved (optionally with heating) in an 
organic solvent such as xylene to mix them uniformly, followed by removal of the solvent to obtain a binder resin mixture, 
and this mixture may be used as a material, whereby even the polycarbonate resin having a high glass transition tem- 
perature can be well dispersed in the toner. This is a particularly preferred production method. 
[0106] As another method for producing the toner, a method is available in which an ultra-finely powdered polycar- 
bonate resin may be added to the classified powder together with the fluidity-providing agent, which are then thoroughly 
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mixed to cause the polycarbonate resin to fix to toner particle surfaces. In this instance, the polycarbonate resin may 
be contained in the binder resin in the classified powder, or may not be contained therein at aO. After its fixing to toner* 
particle surfaces, the toner particles may further be treated to make them smooth and spherical. 
[01 07] When the toner of the present invention is produced by polymerization, the polycarbonate resin may be added 

5 to the polymerization system so that the toner of the present invention (an be obtained by the method as disclosed in 
Japanese Patent Publication No. 36-10231 and Japanese Patent Applications Laid-open No. 59-53856 and No. 59- 
61842, in which toners are directly produced by suspension polymerization; a dispersion polymerization method in 
which toners are directly produced using an aqueous organic solvent capable of dissolving pdymerizable monomers 
and not capable of dissolving the resulting polymer; or an emulsion polymerization method as typified by soap-free 

w polymerization in which toners are produced by directly polymerizing polymerizable monomers in the presence of a 
water-soluble polar polymerization initiator. It is also possible to employ a method in which polymer particles containing 
no polycarbonate resin are produced by polymerization and thereafter a f ine-particle polycarbonate resin is allowed to 
adhere to the surfaces of the polymer particles by melt-spraying, optionally followed by treatment to make the particles 
smooth and spherical. Still another method is exemplified by such a method as disclosed in Japanese Patent Publica- 

15 tion No. 56-1 3945. in which a toner material mixture containing the polycarbonate resin is atomized in the air by means 
of a disk or a multiple fluid nozzle to obtain spherical toner particles. 

[01 08] Of the toner production methods descrfoed above, the method using melt-spraying can control the value of SF- 
1 , the shape factor of toner particles as measured with LUZEX, within the range of from 1 00 to 160. but the toner par- 
ticles obtained tend to have a broad particle size distrfoution. As for the dispersion polymerization, the toner particles 

20 obtained show a very sharp particle size distribution, but materials used must be selected in a narrow range or the use 
of the organic solvent concerns the disposal of waste solvents or the flammability of solvents, from the viewpoint of 
which the production apparatus tends to be complicated and be troublesome for handling. The emulsion polymerization 
is advantageous in that the toner particles can have a relatively uniform particle size distribution, but in general, the par- 
ticles formed are so fine that they are difficult to use as toner particles as they are. Moreover, water-soluble polymeri- 
as zation initiator terminals and emulsifying agents used may be present on the toner particle surfaces to make 
environmental properties poor in some cases. On the other hand, the production method using the treatment to make 
toner particles smooth and spherical and the production method using polymerization can easily control the value of 
shape factor SF-1 within the rage of from 100 to 160 and the value of shape factor SF-2 from 100 to 140, and can be 
said to be a preferred production method. 

30 [01 09] In particular, the production method using in combination the polymerization and the treatment to make toner 
particles smooth and spherical and the.method of directly producing by polymerization the toner on the toner particle 
surfaces of which the polycarbonate resin is present can easily control the value of shape factor SF-1 within the rage of 
from 100 to 140. the value of shape factor SF-2 from 100 to 120 and the value of (SF-2)/(SF-1) 1 .0 or below. In addition, 
when the cross-sections of the magnetic toner particles are observed with a transmission electron microscope (TEM), 

35 the polycarbonate resin is present on the surfaces of toner particles, the binder resin obtained from vinyl monomers and 
the wax component are present in their interiors, and the wax component is dispersed in the binder resin in the form of 
a substantially spherical and/or spindle-shaped island or islands. Hence, toners which may less cause variations of 
charging performance by environmental factors and have superior transfer performance, developing performance, low- 
temperature fixing performance and blocking resistance can be obtained. Thus, this is a more preferred production 

40 method. The method of directly producing by polymerization the toner on the toner particle surfaces of which the poly- 
carbonate resin is present not only has the above advantages, but also is easy as a production method and also allows 
usable polycarbonate resins to be selected from a wide range. Thus, this is particularly preferred production method. 
[01 10] The polycarbonate resin contained in the toner of the present invention may be contained in toner particles in 
any shape and state, where it may stand dissolved together with other binder resin or may stand phase-separated. For 

45 example, when the polycarbonate resin and the additional resin are melt-kneaded in the pulverization process 
described above, the polycarbonate resin need not necessarily have been melted in this melt-kneading step, and may 
stand dispersed in the additional binder resin having been melted. In such an instance, the polycarbonate resin in the 
toner stands dispersed in the additional binder resin used in combination. When the polycarbonate resin and the addi- 
tional binder resin are beforehand uniformly dissolved and mixed using an organic solvent such as xylene, there is no 

so problem since the polycarbonate resin is finely dispersed in, or in some cases dissolved together with, the additional 
resin. When, however, without any such operation to make uniform, a polycarbonate resin powder and the additional 
binder resin are kneaded and are also kneaded at a temperature lower than the melt temperature of the polycarbonate 
resin, the polycarbonate resin powder can be dispersed in the toner. Hence, preferred is the use of a polycarbonate 
resin finely pulverized to 1 |im or smaller, and preferably 0.5 nm or smaller. 

55 [011 1] In the present invention, cross sections of the toner particles can be observed by, for example, a method in 
which toner particles are well dispersed in an epoxy resin curable at room temperature, followed by curing in an envi- 
ronment of temperature 40°C for 2 days, and the cured product obtained is dyed with triruthenium tetraoxide, optionally 
in combination with triosmium tetraoxide, and thereafter samples are cut out in slices by means of a microtome having 
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a diamond cutter to observe the cross-sectional forms of toner particles using a transmission electron microscope 
(TEM). In the present invention, it is preferable to use the triruthertium tetraoxide dyeing method in order to form a con- 
trast between the materials by utilizing a difference in crystaOinity between the wax conponent used and the resin con- 
stituting the shell. Typical examples are shown in Figs. 1 A to 1C. 

5 [011 J Cross sections of toner particles (13), (15) and (17) .btained in Examples 12, 14 and 16 given later were 
observed with TEM. As a result, in the case of the toner particles (13), the polycarbonate resin was present on the sur- 
faces of toner particles continuously (Fig. 1A). In the case of the toner particles (15), the polycarbonate resin was 
present on the surfaces of toner particles discorrtinuously (Fig. 1 B). In the case of the toner particles (1 7), the polycar- 
bonate resin was present on the surfaces of toner particles continuously and, in their interiors, the binder resin obtained 

w from vinyl monomers, the polycarbonate resin and the wax component were present, where the wax component was 
seen to stand dispersed in the binder resin in the form of substantially spherical or spindle-shaped islands (Fig. 1C). 
[0113] When the suspension polymerization is used as the method of producing the toner, the particle size distribution 
and particle diameter of the toner particles may be controlled by a method in which the types and amounts of a slightly 
water-soluble inorganic salt and a dispersant having the action of protective colloids are changed, or by controlling the 

is mechanical conditions (ag.. the peripheral speed of a rotor, pass times, the shape of agitating blades and the shape of 
a reaction vessel) or the concentration of solid matter in the aqueous medium, whereby the desired toner particles can 
be obtained. 

[0114] When the toner is directly produced by polymerization, the polymerization initiator used may include azo or 
diazo type polymerization initiators such as 2,2 , -azob*is-(2,4-dimethylvaleronitrile), 2,2 , -azobisisobutyronrtrile). 1 ,1'-azo- 

20 bis-(cydohexane-1 -carbonitrile), 2,2 , -azobis-4-methoxy-2,4-dimethylvaleroratrile and azobisisobutyronitrile; and perox- 
ide type polymerization initiators such as benzoyl peroxide, methyl ethyl ketone peroxide, diisopropylperoxy carbonate, 
cumene hydroperoxide. 2.4-dichlorobenzpyl peroxide and lauroyl peroxide. The polymerization initiator may usually be 
used in an amount of from 0.5 to 20% by weight based on the weight of the polymerizable monomers, which varies 
depending on the intended degree of polymerization. The polymerization initiator may a little differ in its type depending 

2s on the methods for polymerization, and may be used alone or in the form of a mixture, taking into account its 10-hour 
half-life period temperature. 

[0115] In order to control the degree of polymerization, any known cross-linking agent chain transfer agent and 
polymerization inhibitor may further be added. 

[01 1 6] When the suspension polymerization making use of a dispersion stabilizer is used as the process for producing 

30 the toner, usable dispersion stabilizers may include, as inorganic compounds, tricalcium phosphate, magnesium phos- 
phate, aluminum phosphate, zinc phosphate, calcium carbonate, magnesium carbonate, calcium hydroxide, magne- 
sium hydroxide, aluminum hydroxide, calcium metasilicate, calcium sulfate, barium sulfate, bentonite, silica and 
alumina. As organic compounds, they may include polyvinyl alcohol, gelatin, methyl cellulose, methyl hydroxypropyl cel- 
lulose, ethyl cellulose, carboxymethyl cellulose sodium salt, polyacrylic acid and salts thereof, and starch. Any of these 

35 may be dispersed in an aqueous phase when used. These dispersion stabilizers may preferably be used in an amount 
of from 0.2 to 20 parts by weight based on 1 00 parts by weight of the polymerizable monomers. 
[0117] When the inorganic compounds are used as the dispersion stabilizers, those commercially available may be 
used as they are. In order to obtain fine particles, however, fine particles of the inorganic compound may be formed in 
the dispersion medium. For example, in the case of tricalcium phosphate, an aqueous sodium phosphate solution and 

40 an aqueous calcium chloride solution may be mixed under high-speed agitation. 

[0118] In order to finely dispersing these dispersion stabilizers, 0.001 to 0.1%by weight of a surface-active agent may 
be used in corhbination. This is to accelerate the intended action of the above dispersion stabilizers, and such active 
agent may include, e.g., sodium dodecylbenzenesulfate, sodium tetradecylsulfate, sodium pentadecytsutfate, sodium 
octylsulfate, sodium oieate, sodium laurate, potassium stearate and calcium oleate. 

45 [01 19] When the direct polymerization is used as a process for producing the toner used in the present invention, the 
following production process may be carried out 

[01 20] A monomer composition containing polymerizable monomers and the wax component added therein, the col- 
orant, the charge control agent, the polymerization initiator and other additives, having been uniformly dissolved or dis- 
persed by means of a homogenizer or an ultrasonic dispersion machine, is dispersed in an aqueous medium containing 

so the dispersion stabilizer, by means of a conventional stirrer, a homomixer, a homogenizer or the like. Granulation is car- 
ried out preferably while controlling the agitation speed and agitation time so that droplets of the monomer composition 
can have the desired toner particle size. After the granulation, agitation may be carried out to such an extent that the 
state of particles is maintained and the particles can be prevented from settling by the acton of the dispersion stabilizer. 
The polymerization may be carried out at a polymerization temperature set at 40°C or above, usually from 50 to 90°C. 

55 At the latter half of the polymerization, the temperature may be raised, and also the aqueous medium may be removed 
in part from the reaction system at the latter half of the reaction or after the reaction has been completed, in rder to 
remove unreacted polymerizable monomers, by-products and so forth so that the running performance can be 
improved in the image forming method of the present invention. After the reaction has been completed, the toner parti- 



17 



EP0901 046A1 

cles formed are collected by washing and titration, followed by drying. In such suspension polymerization, water may 
usually be used as a dispersion medium preferably in an amount of from 300 to 3,000 parts by weight based on 100 
parts by weight of the monomer composition. 

[0121 ] It is essentia) for the toner of the present invention to contain tine polycarbonate resin in an amount of from 0. 1 
to 50% by weight based on the weight of the binder resin. This polycarbonate resin can also be qualitatively and quan- 
titatively analyzed by various methods. For example, the toner may be analyzed by spectroscopy such as nuclear mag- 
netic resonance spectroscopy ( 1 H-NMR, 13 C-NMR), infrared absorption spectroscopy (IR), Raman spectroscopy, 
ultraviolet absorption spectroscopy (UV) or mass spectroscopy (MS), elementary analysis, and other chemical analy- 
ses. When it is difficult for the toner to be analyzed by itself, the toner may be subjected to Soxhiet extraction with a sol- 
vent capable of dissolving binder resin, such as tetrahydrofuran or toluene, the filtrate obtained may be concentrated 
with an evaporator, and thereafter the above analysis may be carried out Various analytical means may also be 
enployed; e.g., a sample separated and collected by GPC or a sample extracted with a single or mixed solvent may be 
analyzed by the above method. Any of these analytical means may be used alone, or in combination. 
[0122] In the toner of the present invention, in order to improve charge stability, developing performance, fluidity and 
running performance, an inorganic fine powder may preferably be used as an additive and mixed with the toner parti- 
cles. 

[0123] The inorganic fine powder used in the present invention may include fine silica powder, fine titanium powder 
and fine alumina powder. In particular, those having a specific surface area, as measured by the BET method using 
nitrogen gas absorption, of 30 rrftg or above (and particularly ranging from 50 to 400 n^/g) can give good results. The 
inorganic fine powder may be used in an amount of from 0.01 to 8 parts by weight, and preferably from 0.1 to 5 parts 
by weight, based on 1 00 parts by weight the toner particles. 

[0124] For the purposes of imparting hydrophobicity and controling changeability, the inorganic fine powder used in 
the present invention may preferably be treated, if necessary, with a treating agent such as silicone varnish, various 
kinds of modified silicone varnish, silicone oil, various kinds of modified silicone oil, a silane coupling agent, a silane 
coupling agent having a functional group, or other organosiiicon compounds. 

[0125] Other additives may include lubricants such as Teflon, zinc stearate and polyvinylidene fluoride (in particular, 
polyvinylidene fluoride is preferred); abrasives such as cerium oxide, silicon carbide and strontium titanate (in particular, 
strontium titanate is preferred); anti-caking agents; 

conductivity-providing agents such as carbon black, zinc oxide, antimony oxide and tin oxide; and developing perform- 
ance improvers such as white fine powder or black fine powder with a polarity reverse to that of toner particles. 
[0126] In the present invention, in the case of the toner produced by stirring and mixing the Inorganic fine powder and 
other additives, the various physical properties possessed by the toner particles may be measured using toner particles 
from which the inorganic fine powder and other additives have been removed. There are no particular limitations on how 
to remove the inorganic fine powder and other additives. For example, these may be removed by washing the toner with 
water in the following way. 

[0127] In a water to which a surface-active agent such as sodium dodecyibenzenesulfonate has been added, the 
toner is added, which are then thoroughly stirred and mixed. Upon this operation, the inorganic fine powder and other 
additives which have relatively large particle diameters come apart from the toner particles and the inorganic fine pow- 
der and other additives are separately dispersed in water. Then, the toner particles are isolated from this mixed disper- 
sion. As a method of isolation, for example, filtration may be carried out using a filter paper having appropriate seive 
opening, whereby the toner particles can be separated on the filter paper and the inorganic fine powder and other addi- 
tives can be separated in the filtrate as an aqueous solution containing them. As another method of isolation, a method 
may also be employed in which the mixed dispersion is subjected to wet-process classification to isolate the toner par- 
ticles. 

[01 28] In the present invention, the toner may be used as a one-component developer, or may be used in combination 
with a carrier so as to be used as a two-component developer. The carrier may include iron powder, magnetite powder, 
ferrite powder, glass beads and those obtained by dispersing magnetic powder in resin. These carriers may optionally 
be coated with a resin on their particle surfaces. The resin used here may include fluorine-containing resins, phenol res- 
ins, styrene resins, acrylic resins, styrene-acrylate copolymers, polyolefin resins and silicone resins. Any of these coat- 
ing resins may be used alone or in combination. The toner and the carrier may be blended in such a proportion that the 
toner in the developer is in a concentration of from 1 to 1 5% by weight and preferably from 2 to 1 3% by weight, to obtain 
good results. 

[01 29] The image forming method to which the toner of the present invention is applied will be described below with 
reference to the accompanying drawings. 

[01 30] In the apparatus system shown in Fig. 2, a developer having a cyan toner, a developer having a magenta toner, 
a developer having a yellow toner and a developer having a magnetic black toner are put into developing assemblies 4- 
1, 4-2. 4-3 and 4-4, respectively. Electrostatic latent images formed on an electrostatic latent image bearing member 
(eg., photosensitive drum) 1 are developed by magnetic brush development or non-magnetic one-component develop- 
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ment to farm toner images of respective colors on the photosensitive drum 1 . 

[0131] The toner of the present invention may be mixed with a magnetic earner so that development can be made- 
using e g.. a developing means of a two-component development system as shown in Fig. 3. Sspecrfically, the devel- 
opment may preferably be carried out while applying an alternating electric field and in such a state that a magnetic 
brush formed of the toner and the magnetic carrier comes into touch with a photosensitive drum 13. A distance B 
between a developer carrying member (developing sleeve) 1 1 and the photosensitive drum 13 (distance between S-D) 
may preferably be from 100 to 1.000 pm. This is desirable for preventing carrier adhesion and improving dot reproduc- 
ibility If it is smaller (i.e., the gap is narrower) than 100 jim. the developer tends to be insufficiently fed, resulting in a 
low image density. If it is larger tiian 1.000 pm. magnetic lines of force from the magnet S1 may expand to allow the 
magnetic brush to have a low density, resulting in poor dot reproducibility, or to weaken the force of binding the carrier, 
tending to cause carrier adhesion. -„ M „ 
[0132] The alternating electric field may preferably be applied at a peak-tc-peak voltage (Vpp) of from 500 to 5,000 v 
and a frequency (f) of from 500 to 10,000 Hz, and preferably from 500 to 3.000 Hz, which may each be applied to the 
process under appropriate selection. In this instance, the waveform used may be selected from triangular waveform, 
rectangular waveform, sinusoidal waveform, or waveform with a varied duty ratio. If the peak-to-peak voltage is lower 
than 500 V a sufficient image density is difficult to attain, and fogging toner at non-image areas may not be well col- 
lected in some cases. If the peak-to-peak voltage is higher than 5.000 V. the electrostatic latent image may be disor- 
dered through the magnetic brush to cause a lowering of image quality. 

[0133] If the frequency (f) is lower than 500 Hz. electric charges may be injected into the carrier, while relating to the 
process speed, so that carrier adhesion may occur or latent images may be disordered to cause a lowering of image 
quality. If the frequency (f) is higher than 10.000 Hz. the toner can not follow the electric field to tend to cause a lowering 

raiSW? 6 The use of a two-component developer having a toner well charged enables a fog takeoff voltage (Vback) to 
be lowered and enables the photosensitive member to be low charged in its primary charging, thus the photosensitive 
member can be made to have a longer lifetime. The Vback may preferably be 150 V or below, and more preferably 100 
V or below, while depending upon the development 6ystem. 

[01 35] As contrast potential , a potential of from 200 V to 500 V may preferably be used so that a sufficient image den- 
sity can be achieved. . _ . ...... 

[0136] In order to cany out development realizing a sufficient image density, achieving a sipenor dot reproducibility 
and free of carrier adhesion, the magnetic brush on the developing sleeve 1 1 may preferably be made to come into 
touch with the photosensitive drum 1 3 at a width (developing nip C) of from 3 to 8 mm. If the developing nip C is nar- 
rower than 3 mm, it may be difficult to realize sufficient image density and dot reproducibility. If it is broader than 8 mm, 
the developer may be packed into the nip to cause the machine to stop from operating, or A may be difficult to wellpre- 
vent the carrier adhesion. As methods for adjusting the dwetoping nip the nip width may appropriately be adjusted by 
adjusting the distance A between a developer-regulating blade 18 and the developing sleeve 11. or by adjusting the dis- 
tance B between the developing sleeve 1 1 and the photosensitive drum 13. 

[0137] In the formation of full-color images which attaches importance to halftones, three or more developing assem- 
blies for magenta, cyan and yellow may be used, and the developer and developing process making use of the toner of 
the present invention may be used, especially in combination with a development system in which digital latent images 
are formed. Thus, the latent images are not affected by the magnetic brush and are not disordered, and hence can be 
developed faithfully to the dot images. Also in the transfer step, the use of the toner of the present invention allows a 
high transfer efficiency to be achieved, and therefore enables a high image quality in both halftone areas and sold 

areas to be achieved. . ^ , u . ,. , , 

[0138] In addition, concunentty with achievement of a high image quality at the initial stage, the use of the toner of 
the present invention can well bring out the effect of the present invention without any lowering of image quality even in 

many-sheet copying. , 

[0139] The toner of the present invention may preferably be used also in development means of a one-component 
development system. An example of an apparatus for developing electrostatic latent images formed on the electrostatic 
latent image bearing member by the use of a one-component developer is shown below. Examples are not necessanly 

limited to the following. ; . . . 

[0140] In Fig 4 reference numeral 25 denotes an electrostatic latent image bearing member (photosensitive drum). 
Latent images are formed by electrophotographic processing means or electrostatic recording means. Reference 
numeral 24 denotes a toner carrying member (developing sleeve) formed out of a non-magnetic sleeve made of an alu- 
minum or stainless steel sheet 

[0141] Substantially th right half of the periphery of the toner carrying member 24 always comes into contact with a 
toner reservoir inside a toner container 21 . and the toner in the vicinity of the toner carrying member 24 is attracted and 
held on the toner carrying member surface by the aid of a magnetic force and/a electrostatic force produced by the 
magnetism generating means set in the toner carrying member. 
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[0142] In the present invention, the toner carrying member may preferably have a surface roughness Ra frim) so set 
as to be not larger than 1 .5, preferably not larger than 1 .0, and more preferably not larger than 0.5. 
[0143] When the surface roughness Ra is set not larger than 1 .5, the toner particles transport performance the toner 
carrying member has, can be controlled, the toner layer formed on the toner carrying member can be made thinner and 

s also the times the toner carrying member oomes into contact with the toner increases, and hence the charging perform- 
ance of the toner can also be improved to cooperatively bring about an improvement in image quality. 
[0144] If the toner carrying member has a surface roughness Ra larger than 1.5, it is difficult that not only the toner 
layer on the toner carrying member can be made thin, but also the charging performance of the toner may lower, thus 
no improvement in image quality can be expected. 

10 10X451 In the present invention, the surface roughness Ra of the toner carrying member corresponds to centerline 
average roughness measured using a surface roughness measuring device (SURFCOADER SE-30H, manufactured by 
K.K. Kbsaka Kenkyusho) according to JIS surface roughness "JIS B-0601"). Stated specifically, a portion of 2.5 mm is 
drawn out of the roughness curve, setting a measurement length a in the direction of its centerline. When the centerline 
of this drawn-out portion is represented by X axis, the direction of lengthwise magnification by Y axis, and the rough- 

15 ness curve by y = f (x) . the value determined according to the following expression and indicated in micrometer (urn) is 
the surface roughness Ra. 

a 

Ra=Jj |f(x)|dx 

20 0 



[0146] As the toner carrying member used in the present invention, a cylindrical or belt-like member made of, e.g., a 
non-magnetic metal such as stainless steel or aluminum may preferably be used. If necessary, a metal or resin coat 
25 may be provided on the substrate surface, or the substate surface may be coaled with a resin in which fine particles of 
resin, metal, carbon blade or charge control agent have been dispersed. 

[0147] In the present invention, the speed of surface movement of the toner carrying member may be set 1 .05 to 3.0 
times the speed of surface movement of the electrostatic latent image bearing member, whereby the toner layer on the 
toner carrying member can have an appropriate agitation effect and hence the faithful reproduction of the electrostatic 

30 latent image can be more improved. 
. [0148] If the speed of surface movement of the toner carrying member is less than 1 .05 times the speed of surface 
movement of the electrostatic latent image bearing member, the agitation effect on the toner layer may become insuffi- 
cient, so that it may become difficult to form good images. Also, when images requiring a large quantity of toner over a 
wide area are developed as in the case of solid black images, the quantity of toner fed to the electrostatic latent image 

35 tends to become shortm, resulting in an insufficient image density. H the speed of surface movement of the toner car- 
rying member is more than 3.0 times the speed of surface movement of the electrostatic latent image bearing member, 
not only various problems caused by excessive charging of toner as stated above but also the deterioration of toner due 
to mechanical stress or the sticking of toner to the toner carrying member tend to occur undesirably. 
[0149] The toner, T, is stored in a hopper 21 , and fed onto the developing sleeve 24 by means of a feed member 22. 

40 As the feed member, a feed roller comprised of a porous elastic material as exemplified by a foamed material such as 
soft polyurethane foam may preferably be used. The feed roller may be rotated at a relative speed that is not zero in the 
fair (or forward) direction or adverse (or backward) direction with respect to the developing sleeve so that the toner can 
be fed onto the developing sleeve and also the toner remaining on the developing sleeve (the toner not participating in 
development) can be stripped off. In this instance, taking into account the balance between the feeding and stripping of 

45 the toner, the feed roller may be brought into contact with the developing sleeve at a width (a nip) of from 2.0 to 10.0 
mm, and more preferably from 4.0 to 6.0 mm. On the other hand, this inevitably imposes an excess stress to the toner 
to tend to cause an increase in agglomeration due to the deterioration of toner, or cause the melt-adhesion or sticking 
of toner to the developing sleeve and feed roller. However, since the toner used in the developing process of the present 
invention has excellent fluidity and reusability and has a running stability, the toner is preferably usable also in the 

so developing system having such a feed member. A brush member made of resin f ber such as nylon or Rayon may also 
be used as the feed member. Such a feed member is very effective in a non-magnetic one-component development 
carried out using a non-magnetic one-component developer (non-magnetic toner), in which any magnetic binding force 
can not be utilized. It may also be used in a magnetic one^component development carried out using a magnetic one- 
component developer (magnetic toner). 

55 [0150] The toner fed onto the developing sleeve is applied in a thin layer and uniformly by a regulation member. The 
regulation member for making thin toner layer is a doctor blade such as a metal blade or magnetic blade provided at a 
given interval with the developing sleeve. Alternatively, in place of the doctor blade, a rigid-material roller or sleeve made 
of metal, resin or ceramic may be used, and a magnetism generating means may be provided in the inside thereof. 
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[0151] An elastic member such as an elastic Wade or an elastic roller tor applying the toner under pressure contact 
may be used as the regulation member for making a thin toner layer. For example, as shown Fig. 4, an elastic Wade 23 
is, at its upper side base portion, fixed and held on the side of a hopper (developer container) 21 and is so provided that 
its blade inner face side (or its outer face side in the case of the adverse direction) is, at its lower side, brought into touch 

5 with the surface of the developing sleeve 24 under an appropriate elastic pressure in such a state that it is deflected 
against the elasticity of the blade in the fair direction or adverse direction of the rotation of the developing sleeve. 
According to such constitution, a toner layer can be formed which is staWe even against environmental variations and 
is dense The reason therefor is not necessarily clear, and it is presumed that the toner is forcibly brought into friction 
with the developing sleeve surface by the elastic member and hence the toner is charged always in the same state with- 

w out regard to any changes in behavior caused by environmental changes of toner. 

[0152] On the other hand, the toner tends to be so excessively charged that it tends to melt-adhere to the developing 
sleeve or elastic blade. However, the toner of the present invention can be preferably used because it has a superior 
reusability and has a stable trfooelectric chargeability. 

[0153] As the elastic Wade, it is preferable to select a material of trfooelectric series suitable for electrostatically charg- 
is ing the toner to the desired polarity, which includes rubber elastic materials such as silicone rubber, urethane rubber or 
NBR; synthetic resin elastic materials such as polyethylene terephthalate; and metal elastic materials such as stainless 
steel, steel and phosphor bronze, as well as composite materials thereof, any of which may be used. 
[0154] In instances where the elastic member and the developing sleeve are required to have a durability, resin or 
rubber may preferably be stuck or applied to. the metal elastic material so as to touch the part coming into contact with 
20 the sleeve. 

[0155] An organic or inorganic substance may be added to, may be melt-mixed in, or may be dispersed in, the elastic 
member. For example, any of metal oxides, metal powders, ceramics, carbon allotropes, whiskers, inorganic fibers, 
dyes, pigments and surface-active agents may be added so that the charging performance of the toner can be control- 
led. Especially when the elastic member is formed of of a molded product of rubber or resin, a fine metal oxide powder 
25 such as silica, alumina, titania, tin oxide, zirconium oxide or zinc oxide, carbon Wack, or a charge control agent com- 
monly used in toners may preferaWy be incorporated therein. 

[0156] A DC electric field and/or an AC electric field may also be applied to a developing blade serving as the regu- 
lation member, a feed roller as the feed member and a brush member, whereby the uniform thin-layer coating perform- 
ance and uniform chargeability can be more improved at the regulated part on the developing sleeve because of the 
30 loosening action acting on the toner and the toner can be smoothly fed and stripped off, so that a sufficient image den- 
sity can be achieved and images with a good quality can be formed. 

[0157] It is effective for the elastic member to be brought into touch with the toner carrying member (developing 
sleeve) at a pressure of 0.1 kg/m or above, preferably from 0.3 to 25 kg/m, and more preferably from 0.5 to 12 kg/cm, 
as a linear pressure in the generatrix direction of the toner carrying member. This makes it possible to effectively loosen 

35 the agglomeration of toner and makes it possible to effect instantaneous rise of the charge quantity of toner. If the touch 
pressure is smaller than 0. 1 kg/m, it is difficult to uniformly apply the toner, resulting in a broad charge quantity distribu- 
tion of the toner to cause fog or black spots around line images. If the touch pressure is too targe, a great pressure is 
applied to the toner to cause deterioration of the toner and occurrence of agglomerates of the toner, and also a great 
torque is required in order to drive the toner carrying member, undesirably. 

40 [0158] The gap a between the electrostatic latent image bearing member and the toner carrying member may pref- 
eraWy be set to be from 50 to 500 jim. and the gap between the doctor Wade and the toner carrying member may pref- 
eraWy be set to be from 50 to 400 itm. 

[0159] The layer thickness of the toner layer formed on the toner carrying member may preferably be made smaller 
than the gap a between the electrostatic latent image bearing member and the toner carrying member. In some cases, 

4$ the layer thickness of the toner layer may be regulated in such an extent that part of a large number of toner ears con- 
stituting the toner layer comes into contact with the surface of the electrostatic latent image bearing member. 
[0160] An alternating electric field may be applied across the toner carrying member and the electrostatic latent image 
bearing member by a bias power source 26. This makes it easy for the toner to move from the toner carrying member 
to the electrostatic latent image bearing member and to form images with a much higher image quality. The alternating 

so electric field may preferaWy be applied at Vpp of 1 00 V or above, preferaWy from 200 to 3,000 V, and more preferably 
from 300 to 2,000 V. It may also preferaWy be applied at a frequency (f) of from 500 to 5,000 Hz, more preferably from 
1 ,000 to 3,000 Hz, and still more preferaWy from 1 ,500 to 3,000 Hz. As the waveform of this electric field, rectangular 
waveform, sine waveform, sawtooth waveform and triangle waveform may be used. An asymmetrical AC Was having 
different time for which regular/reverse voltages are applied may also be used. It is also preferaWe to use a bias formed 

55 by superimposing an AC bias to a DC bias. 

[0161] In the apparatus shown in Fig. 2, the electrostatic latent image bearing member 1 is a photosensitive drum or 
photosensitive belt having a photooonductive insulating material layer formed of a-Se, CdS, Zn0 2 . OPC or a-Si. The 
electrostatic latent image bearing member 1 is rotated driven by means of a drive system (not shown) in the direction 
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of an arrow. 

[0162] As the electrostatic latent image bearing member 1 , a photosensitive member having an amorphous silicon 
photosensitive layer or an organic photosensitive layer may preferably be used. 

[0163] The organic photosensitive layer may be of a single-layer type in which the photosensitive layer contains a 
6 charge generating material and a charge transporting material in the same layer, or may be a function-separated pho- 
tosensitive layer comprised of a charge transport layer and a charge generation layer. A multi-layer type photosensitive 
layer comprising a conductive substrate, and the charge generation layer and the charge transport layer superposed 
thereon in this order is one of preferred examples. 

[0164] As binder resins for the organic photosensitive layer, polycarbonate resins, polyester resins or acrylic resins 
10 may preferably be used because they provide a good transfer performance and a good cleaning performance, and may 
hardly cause faulty cleaning, melt-adhesion of toner to the photosensitive member and filming of external additives. 
[01 65] The step of charging has a non-contact type charging system making use of a corona charging assembly and 
being in non-contact with the electrostatic latent image bearing member 1 , or a contact type charging system making 
use of a contact charging member such as a charging roller being in contact with the electrostatic latent image bearing 
75 member 1 . Either may be used. The contact charging system as shown in Fig. 2 may preferably be used so as to enable 
efficient and uniform charging, simplify the system and make ozone less occur. 

[0166] A charging roller 2 is constituted basically of a mandrel 2b at the center and a conductive elastic layer 2a that 
forms the periphery of the former. The charging roller 2 is brought into pressure contact with the surface of the electro- 
static latent image bearing member 1 and is rotated following the rotation of the electrostatic latent image bearing rnem- 
20 ber 1. 

[0167] When the charging roller is used, the charging process may preferably be performed under conditions of a 
roller contact pressure of 5 to 500 g/cm, and an AC voltage of 0.5 to 5 kVpp, an AC frequency of 50 Hz to 5 kHz and a 
. DC voltage of ± 0.2 to ± 1.5 kV when a charging bias formed by superimposing an AC voltage on a DC voltage is 
applied, and a DC voltage of from + 0.2 to ± 5 kV when only a DC voltage is applied as a charging bias. 
25 [0168] As a charging means other than the charging roller, there are a method making use of a charging blade and a 
method making use of a conductive brush. These contact charging means have such effects that high voltage is not 
required and ozone generation is less. 

[0169] The charging roller and charging blade as contact charging means may preferably be made of a conductive 
rubber, and a release coat may be provided on its surface. The release coat may be formed out of a nylon resin, PVDF 
30 (polyvinylidene fluoride) or PVDC (polyvinylidene chloride), any of which may be used. 

[0170] The toner image on the electrostatic latent image bearing member is primarily transferred to an intermediate 
transfer mentoer 5 to which a voltage (e.g., ± 0.1 to ± 5 kV) is spplied. The surface of the electrostatic latent image bear- 
ing member is cleaned by a cleaning means 9 having a cleaning blade 8. 

[0171] The intermediate transfer member 5 is comprised of a pipe-like conductive mandrel 5b and a medium-resist- 
35 ance elastic material layer 5a formed on its periphery. The mandrel 5b may comprise a plastic pipe provided thereon 
with a conductive coating. 

[01 72] The medium-resistance elastic material layer 5a is a solid or foamed-material layer made of an elastic material 
such as silicone rubber, Tef ton rubber, chloroprene rubber, urethane rubber or EPDM (an ethylene-propylene-diene ter- 
polymer) in which a conductivity-providing agent such as carbon black, zinc oxide, tin oxide or silicon carbide has been 
40 mixed and dispersed to adjust electrical resistance (volume resistivity) to a medium resistance of from 10 5 to 10 11 
n*cm. 

[0173] The intermediate transfer member 5 is provided in contact with the bottom part of the electrostatic latent image 
bearing member, being axialiy supported in parallel with the electrostatic latent image bearing merhber 1 , and is rotated 
at the same peripheral speed as the electrostatic latent image bearing member 1 in the anti-clockwise direction as 
45 shown by an arrow. 

[0174] The first-color toner image formed and held on the surface of the electrostatic latent image bearing member 1 
is, while passing through the transfer nip portion where the electrostatic latent image bearing member 1 and the inter- 
mediate transfer member 5 come into contact, intermediately sequencially transferred to the periphery of the interme- 
diate transfer member 5 by the aid of the electric filed formed at the transfer nip portion by a transfer bias applied to the 

so intermediate transfer member 5. 

[0175] If necessary, after the toner image has been transferred to the recording medium, the surface of the interme- 
diate transfer member 5 may be cleaned by a detachable cleaning means 10. When the toner is present on the inter- 
mediate transfer member 5, the cleaning means 10 is detached from the surface of the intermediate transfer member 
so that the toner image is not disturbed. 

55 [0176] A transfer means 7 is provided in contact with the bottom part of the intermediate transfer member 5, being 
axialiy supported in parallel with the intermediate transfer member 5. Th transfer means 7 is, e.g.. a transfer roller or 
a transfer belt and is rotated at the same peripheral speed as the intermediate transfer member 5 in the clockwise 
direction as shown by an arrow. The transfer means 7 may be so provided that it comes into direct contact with the irrter- 
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mediate transfer member 5, or may be so disposed that a belt is brought into contact between the intermediate transfer 
member 5 and the transfer means 7. 

[0177] In the case of the transfer roller, rt is basically comprised of a mandrel 7b at the center and a conductive elastic 
layer 7a that forms the periphery of the former. 

s [0178] The intermediate transfer member and the transfer roller may be of made commonly available materials. The 
elastic layer of the transfer roller may be made to have a volume resistivity set smaller than the volume resistivity of the 
elastic layer of the intermediate transfer member, whereby the voltage applied to the transfer roller can be lessened, 
good toner images can be formed on the recording medium and also the recording medium can be prevented from 
being wound around the intermediate transfer member. In particular, the elastic layer of the Intermediate transfer mem- 

io ber may preferably have a volume resistivity at least 10 times the volume resistivity of the elastic layer of the transfer 
roller. 

[0179] For example, a conductive elastic layer 7b of the transfer roller 7 is made of, e.g., an elastic material having a 
volume resistivity of 1 0 6 to 10 1 0 n • cm, such as polyurethane. or an ethylene-propylene-diene type terpolymer (EPDM) , 
with a conductive material such as carbon dispersed therein. A bias is applied to the mandrel 7a by a constant voltage 

15 power source. As bias conditions, a voltage of from ± 0.2 to ± 10 kV is preferred. 

[0180] The toner image on the record ng medium 6 is fixed by means of a heat-and-pressure fixing means. The heat- 
and-pressure fixing means may include a heat roll system constituted basically of a heat roller internally provided with 
a heating element such as a halogen heater and an elastic-material pressure roller brought into contact therewith under 
pressure, and a system in which the toner image is fixed by heat and pressure by means of a heater through a fflm 

20 (Figs. 6 and 7). The toner of the present invention can well match the above heat-and-pressure fixing means because 
of its superior fixing performance and anti-offset properties. 

[0181] With the toner of the present invention, a transfer efficiency at the transfer step is high, the toner remaining 
after transfer is small and cleaning performance is superior, and hence the filming may hardly occur on the electrostatic 
latent image bearing member. Moreover, with the toner of the present invention, the external additive is less embedded 

25 in the toner particle surfaces, and hence a good image quality can be maintained over a long period of time. Accord- 
ingly, it can be used preferably in an image forming apparatus shown in Fig. 5, having what is called the reuse mecha- 
nism in which the toner remaining on the electrostatic latent image bearing member and intermediate transfer member 
after transfer is removed by a cleaning means such as a cleaning blade, collected and reused. 
[0182] In Fig. 5, reference numeral 40 denotes a photosensitive drum serving as an electrostatic latent image bearing 

30 member; 49, a transfer roller as a transfer member with which the toner images formed on the surface of the photosen- 
sitive drum 40 are transferred to a recording medium 50; and 41, a cleaner with which the toner remaining on the sur- 
face of the photosensitive drum 40 after transfer is scraped off and collected with an elastic blade 42 serving as a 
cleaning blade. Reference numeral 43 denotes a cleaner screw with which the toner collected in the cleaner 41 is trans- 
ported inside the cleaner 41 ; and 44, a feed pipe internally provided with a transport screw and through which the toner 

35 transported with the cleaner screw 43 is transported to a toner hopper 45. Reference numeral 46 denotes a developing 
assembly; and 48, a developing sleeve as a developer carrying member for carrying and transporting thereon the devel- 
oper held in the developing assembly. Reference numeral 47 denotes a charging roller for primarily charging the pho- 
tosensitive drum 40. 

[0183] In this image forming appratus, the photosensitive drum 40 is primarily electrostatically charged with the pri- 
40 mary charging roller 47, and an electrostatic latent image is famed by an exposure means (not shown). Thereafter, this 
electrostatic latent image is developed by the use of the developer having the toner and carried on the developing 
sleeve 48 of the developing assembly 46. to form a toner imaga The toner image formed on the photosensitive drum 
40 is transferred to the recording medium 50 by means of the transfer roller 49, and the toner image transferred to the 
recording medium 50 is fixed by heat and pressure to the recording medium 50 by means of a heat roller fixing assem- 
45 bly 51 serving as a heat-fixing device. Meanwhile, the transfer residual toner present on the surface of the photosensi- 
tive drum 40 after transfer is scraped off with the elastic Made 42, and is once collected in the cleaner 41 , which is 
thereafter sent inside the cleaner 41, further transported with the cleaner screw 43, passes through the feed pipe 44 
provided with a transport screw, and, through the hopper 45, returned to the developing assembly 46, where the toner 
is again used for the development of electrostatic latent images. The image forming apparatus shown in Fig. 5 reuses 
so the toner as descrfoed above. 

[0184] The toner of the present invention has an excellent running performance because of the specific polycarbonate 
resin contained in it, and hence can also be applied in an image forming method employing a contact development sys- 
tem which requires a high running performance of toner. 

[0185] A monochromatic image forming method will be descrbed with reference to Fig. 8 where the contact develop- 

55 ment system is used and also a cleaneriess process is used. ^ _ ^ 

[0186] In Fig. 8, reference numeral 100 denotes a developing assembly; 109, a photosensitive member; 105ra^ 
recording medium such as paper; 106. a transfer member; 107. a fixing pressure £djer_M08, a fixing heat roller; and 
1 10, a primary charging member which directly charges the photosensitive membeM09lrr^itagfa flnth it. — 
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[0187] To the primary charging member 1 10, a bias power source 1 15 is connected so that the surface of the photo- 
sensitive member 109 is uniformly charged. 

[0188] The developing assembly 100 holds a toner 104, and has a toner carrying member 102 which is rotated in the 
direction of an arrow in contact with the photosensitive member 109. It also has a developing blade 101 for regulating 

5 toner quantity and charging the toner, and a coating roller 103 which is rotated in the direction of an arrow in order to 
cause the toner 104 to adhere to the toner carrying member 102 and also charge the toner by friction with the toner 
carrying member 102. To the toner carrying member 102, a development bias power source 1 1 7 is connected. A bias 
power source 1 18 is also connected to the coating roller 103, where a voltage is set on the negative side with respect 
to the development bias when a negatively chargeable toner is used and on the positive side with respect to the devel- 

10 opment bias when a positively chargeable toner is used. 

[0189] A power source 1 16 for transfer bias with a polarity reverse to that of the photosensitive member 109 is con- 
nected to the transfer member 106. Here, the length of rotational direction, what is called development nip width, at the 
contact area between the photosensitive member 109 and the toner carrying member 102 may preferably be 0.2 mm 
or larger and 8.0 mm or smaller. If it is smaller than 0.2 mm, the amount of development may be too insufficient to attain 

15 a satisfactory image density and also the transfer residual toner may not be well collected. If it is larger than 8.0 mm, 
the toner may be fed in an excessively large quantity to tend to cause fog and also to adversely affect the wear of the 
photosensitive member. 

[0190] As the toner carrying member, an elastic roller having an elastic layer on its surface may preferably be used. 
As materials for the elastic layer used, those having a hardness of from 20 to 65 degrees (JIS A) may preferably be 

20 used. The toner carrying member may preferably have a resistance within the range of approximately from 10 2 to 10 9 
a • cm as volume resistivity. If it has a volume resistivity lower than 10 2 CI • cm, there is a possibility that excess electric 
current flows when, e.g.. the photosensitive member 109 has pinholes on its surface. If on the other hand it has a vol- 
ume resistivity higher than 10 9 n • cm, the toner is liable to cause charge-up due to triboelectric charging, tending to 
cause a decrease in image density. 

25 [0191 ] The toner may preferably be applied on the toner carrying member in a quantity of from 0. 1 mg/cm 2 to 1 .5 
mg/cm 2 . If applied in a quantity less than 0. 1 mg/cm 2 , it is difficult to obtain a sufficient image density, and, in a quantity 
larger than 1.5 mg/cm 2 , it is difficult to uniformly triboelectrically charge all the individual toner particles, causing poor 
restraint of fog. It may more preferably be applied in a quantity of from 0.2 mg/cm 2 to 0.9 mg/cm 2 . 
[0192] The toner coatquantity is controlled by the developing blade 101. This developing blade 101 comes into con- 

30 tact with the toner carrying member 1 02 through the toner layer at a contact pressure of from 5 g/cm to 50 gfcm as a 
preferable range. If the contact pressure is lower than 5 g/cm, it may be difficult not only to control the toner coat quantity 
but also to effect uniform triboelectric charging, causing fog to occur. If the contact pressure is higher than 50 g/cm, the 
toner particles may undergo an excess load to tend to cause deformation of particles or the melt-adhesion of toner to 
the developing blade or toner carrying member. 

35 [0193] As a toner coat quantity regulation member, a metal blade or roller may also be used besides the elastic blade 
for applying the toner in pressure contact. 

[0194] As the elastic regulation member, it is preferable to select a material of triboelectric series suitable for electro- 
statically charging the toner to the desired polarity, which includes rubber elastic materials such as silicone rubber, ure- 
thane rubber or NBR; synthetic resin elastic materials such as polyethylene terephthalate; and metal elastic materials 
40 such as stainless steel, steel and phosphor bronze, as well as composite materials thereof, any of which may be used. 
[01 95] In instances where the elastic regulation member and the toner carrying member are required to have a dura- 
bility, resin or rubber may preferably be stuck or applied to the metal elastic material so as to touch the part coming into 
contact with the sleeve. 

[0196] An organic or inorganic substance may be added to, may be melt-mixed in, or may be dispersed in, the elastic 
45 regulation member. For example, any of metal oxides, metal powders, ceramics, carbon allotropes, whiskers, inorganic 
fibers, dyes, pigments and surface-active agents may be added so that the charging performance of the toner can be 
controlled. Especially when the elastic member is formed of a molded product of rubber or resin, a fine metal oxide pow- 
der such as silica, alumina, titania, tin oxide, zirconium oxide or zinc oxide, carbon black, or a charge control agent com- 
monly used in toners may preferably be incorporated therein. 
so [0197] A DC electric field and/or an AC electric field may also be applied to the regulation member, whereby the uni- 
form thin-layer coating performance and uniform chargeability can be more improved because of the loosening action 
acting on the toner, so that a sufficient image density can be achieved and images with a good quality can be formed. 
[0198] In the apparatus shown in Fig. 8, the primary charging member 1 10 uniformly electrostatically charges the pho- 
tosensitive member 109 rotating in th direction of an arrow. The primary charging member 110 used her is a charging 
55 roller constituted basically of a mandrel 1 1 0b at the center and a conductive elastic layer 1 1 0a that forms the periphery 
of the former. The changing roller 1 10 is brought into pressure contact with the surface of the photosensitive member 
109 and is rotated followingly as the photosensitive member 109 is rotated. 

[0199] When the charging roller is used, the charging process may preferably be performed under the conditions of 



24 



EP 0 901 046 A1 

a roller contact pressure of 5 to 500 g/cm. A changing bias formed of DC voltage alone or a charging bias formed by 
superimposing an AC voltage on a DC voltage may be used as an applied voltage. In the present invention, though not 
particularly limited, the charging bias formed of DC voltage alone may preferably be used. In such an instance, the volt- 
age may be applied at a value of from ± 0.2 to ± 5 kV. 

s [0200] As a charging means other than the charging roller, there are a method making use of a charging blade and a 
method making use of a conductive brush. These contact charging means have the effect of, e.g., making high voltage 
unnecessary and allowing ozone to less occur, compared with non-contact corona charging. The charging roller and 
charging blade as contact charging means may preferably be made of a conductive rubber, and a release coat may be 
provided on its surface. The release coat may be formed out of a nylon resin, PVDF (polyvinylidene fluoride) or PVDC 

10 (polyvinylidene chloride), any of which may be used. 

[0201] Subsequently to the primary charging step, an electrostatic latent image corresponding to information signals 
is formed on the electrostatic latent image bearing member 109 by exposure 111 from a light-emitting device, and the 
electrostatic latent image is developed into a visible image by the use of the toner at the region coming into contact with 
the toner carrying member 102. Also, in the image forming method of the present invention, especially a development 

is system of forming a digital latent image on the photosensitive member may be used in combination. This enables devel- 
opment faithful to a dot latent image because the latent image is notdisordered. Next, the visible image is transferred 
to the recording medium 105 by means of the transfer meniber TOeTThe transferred toner image 1 12 is, together with 
the recording medium 105, further passed betweenjhe he at rolleM OS and the pressure roller 107, and is fixed there, 
obtaining a permanent image. As the heat-and-pre^sure fixing means, a heat roll system constituted basically of a heat 

20 roller internally provided with a heating element such as a halogen heater and an elastic-material pressure roller; 
brought into contact therewith under pressure, may be used, and in addition, a system in which the toner image is fixed 
by heat and pressure by means of a heater through a film may also be used. 

[0202] in the imageforming apparatus described above, a transfer part in the transfer step and a charging part in th© ; 
carging step are arranged in the named order in the moving direction of the photosensitive member 109 as an electro- 
ns static latent image bearing member, and no cleaning member coming into contact with the surface of said electrostatic 
latyent image bearing member to remove the toner remaining on the surface after transfer is present between the trans- 
fer part and charging part and between the charging part and developing part. 

[0203] Therefore, the transfer residual toner 1 13 not transferred and remaining on the photosensitive member 109 is 
passed between the photosensitive member 109 and the primary charging member 1 10, and again readies the devei- 
30 opment nip portion, where it is collected in the developing assembly 100 by means of the toner carrying member 102. 
[0204] A full-color image forming method of a contact development system making use of an intermediate transfer 
member will be described below. 

[0205] As the whole constitution of a full-color image forming apparatus, the apparatus system shown in Fig. 2, pre- 
viously described, is used. 

35 [0206] As a developing means, development may be effected by a developing means having, e.g., a developing appa- 
ratus 131 as shown in Fig. 9. Stated specifically, the development is made in such a state that a toner 134 used as a 
one-component developer, fed through a coating roller 132 and whose coat layer is regulated with a developing blade 
133 comes into contact with a photosensitive member 135 while a DC or alternating electric field is applied to a devel- 
oper carrying member 137 from a power source 136. When the alternating electric field is applied, any of triangular 

40 waveform, rectangular waveform, sinusoidal waveform, waveform with a varied duty ratio and periodic alternating wave- 
form may be used under appropriate selection. In the present invention, however, a DC electric filed is preferably used 
because the load of voltage on the photosensitive member is less, and the applied voltage is set at a suitable value 
between the dark potential (potential immediately after charging) and the light potential (potential after charging) on the 
photosensitive member. 

45 [0207] In the developing step, the toner carrying member may be rotated in the same direction as the rotation of the 
photosensitive member or may be rotated in the reverse direction. When the toner carrying member is rotated in the 
same direction, as shown in Fig. 9, its peripheral speed may preferably be set from 1.05 to 3.0 times the peripheral 
speed of the photosensitive member. 

[0208] If the peripheral speed is less than 1 .05 times the peripheral speed of the photosensitive member, the agitation 
so effect the toner layer undergoes may become insufficient to make it difficult to achieve a good image quality and also, 
when images requiring the toner in a large quantity over a wide area as in the case of solid black images are developed, 
the quantity of the toner fed to electrostatic latent images may become insufficient, tending to cause a decrease in 
image density. The higher the peripheral speed ratio is, the larger the quantity of the toner fed to the development zone 
is and the more frequently the toner is attached onto and detached from the latent images. Thus, the toner at the unnec- 
55 essary areas is scraped off and the toner Is imparted to the necessary areas; this is repeated, whereupon images faith- 
ful to the latent images are formed. From the viewpoint of the deaning-at-development, the effect obtainable by utilizing 
the difference in peripheral speed to physically take the photosensitive member surface off the part to which the toner 
has adhered and by utilizing an electric field to collect the toner can be expected when the transfer residual toner is 
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present n the photosensitive member in close adhesion. Accordingly, the higher the peripheral speed ratio is. the more 
advantageous it is for the transfer residual toner to be collected. However, if on the other hand the peripheral speed ratio 
is greater than 3.0, not only the various problems caused by excessive charging of toner as stated previously but also 
the deterioration of toner due to mechanical stress and the adhesion of toner to the toner carrying member may occur 
5 accelaratingly. 

[0209] As the photosensitive member, a photosensitive drum or photosensitive belt having a photoconductive insulat- 
ing material layer formed of a-Se, CdS, Zn0 2 , OPC or a-Si may preferably be used. 

[021 0] As binder resins for the organic photosensitive layer in the OPC photosensitive member, polycarbonate resins, 
polyester resins and acrylic resins may preferably be used because they provide a good transfer performance and a 
10 good cleaning performance, and may hardly cause faulty cleaning, melt-adhesion of toner to the photosensitive mem- 
ber and filming of external additives. 

[021 1 ] The toner image on the photosensitive member (electrostatic latent image bearing member) 1 35 is primarily 
transferred to the intermediate transfer member as described previously, and subsequently the image is formed in such 
a manner as described with reference to Fig. 2. 

is [0212] As conditions for the above contact developing step, it is essential that the toner layer on the toner carrying 
member comes into contact with the photosensitive member surface and it is preferable to use a reverse development 
system. Also, its use in combination with the cleaneriess process in which the cleaning means such as a cleaning blade 
is not additionally provided and the developing assembly itself collects the transfer residual toner remaining on the pho- 
tosensitive meiri)er can greatly miniaturize the apparatus. Here, at the time of development or at the blank time before 

20 and after development, a bias having a DC or AC component is applied so that the potential is controlled to enable 
development and collection of the toner remaining on the photosensitive member. Here, the DC component is posi- 
tioned between the lighterea potential and the dark-area potential. 

[0213] As the toner carrying member, an elastic roller may be used and a method may be used in which the toner is 
applied on the elastic roller surface and the coated toner is brought into contact with the photosensitive member sur- 

2$ face. In this instance, in the cleaneriess process, the electric field acting between the photosensitive member and the 
elastic roller facing the photosensitive member surface through the toner is utilized to remove the transfer residual toner 
by cleaning in the developing step. Hence, it is necessary for the elastic roller surface or the vicinity thereof to have a 
potential so that an electric field is formed at a narrow gap between the photosensitive member surface and the toner 
carrying member surface. Accordingly, a method may also be used in which the elastic rubber of the elastic roller is con- 

30 trolled to have a resistance in the medium-resistance region to keep the electric field while preventing its conduction to 
the photosensitive member surface, or a thin-layer insulating layer is provided on the surface layer of a conductive layer. 
It is also possible to use a conductive resin sleeve comprising a conductive roller coated thereon with an insulating sub- 
stance on its side facing the photosensitive member surface, or an insulating sleeve provided with a conductive layer 
on its side not facing the photosensitive member. It is still also possible to use a rigid-material roller as the toner carrying 

35 member and use a flexible member such as a belt as the photosensitive member. The develqping roller as the toner 
carrying member may preferably have a volume resistivity in the range of from 1 0 2 to 1 0 9 CI • cm. 
[0214] When the contact development system described above is used and the contact charging method where the 
charging member is brought into contact with the photosensitive member is used as a charging means for primarily 
charging the photosensitive member when the cleaning-at-development is carried out the toner remaining after clean- 

40 ing may adhere to the charging member in the post-step contact charging to cause faulty charging, if usual toners are 
used. Accordingly, the quantity of the transfer residual toner must be made smaller than that in the corona discharging 
or the like where the charging means does not come into contact with the photosensitive member. Hence, in the contact 
charging method, H is preferable to use the toner whose SF-1 , SF-2 and (SF-2)/(SF-1) have been strictly defined in the 
ranges previously described. 

45 [021 5] The toner according to the present invention, because of the controlling of the surface shape of toner particles, 
is so high in transfer efficiency in the transfer step as to leave less transfer residue, and hence has a superior cleaning 
performance at the time of cleaning-at-development in the developing assembly. In addition, since it contains the tough 
polycarbonate resin, it may hardly cause the filming on the contact charging member, photosensitive drum and inter- 
mediate transfer member. Moreover, in the toner of the present invention, even when tested on many-sheet running, the 

so external additives are less embedded in the toner particle surfaces than conventional toners are used, and hence a 
good image quality can be maintained over a long period of time. 

[0216] As described above, according to the present invention, the toner having a good running performance and a 
good transfer efficiency can be obtained by specifying the binder components in the toner composition. Moreover, the 
toner can be transferred at a high transfer efficiency without causing the melt-adhesion of toner particles to the contact 
55 charging member, photosensitive drum and intermediate transfer member, and can also preferably match image form- 
ing apparatus. 
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EXAMPLES 

[0217] The present invention will be descrtoed below by giving specific examples. The present invention is by no 
means limited to these. 

Resin (1) Production Example 

[0218] Into a reaction vessel, 200 parts by weight of xylene was put, and the temperature was raised to reflux tem- 
perature. To this xylene, a mixture solution of 85 parts by weight of styrene, 15 parts by weight of n-butyl acrylate and 
2 parts by weight di-tert-butyl peroxide was dropwise added. Thereafter, solution polymerization was carried out under 
reflux of xylene and was completed in 7 hours to obtain a low-molecular-weight resin solution. 
[0219] Meanwhile, 70 parts by weight of styrene, 25 parts by weight of butyl acrylate, 5 parts by weight of monobutyl 
maleate, 0.2 part by weight of polyvinyl alcohol. 200 parts by weight of deaerated water and 0.1 part by weight of ben- 
zoyl peroxide were mixed and dispersed to obtain a suspension. The suspension thus obtained was heated, and was 
maintained at 85°C for 24 hours in an atmosphere of nitrogen, where the polymerization was completed to obtain a 
high-molecular-weight resin. 

[0220] 30 parts by weight of the high-molecular-weight resin was put into the solution famed upon completion of the 
solution polymerization which contained 70 parts by weight of the above low-molecular-weight resin, and these were 
completely dissolved in a solvent to mix them. Thereafter, the solvent was evaporated off to obtain resin (1). 
[0221] The resin (1) was analyzed to reveal that in its molecular weight distribution as measured by GPC, it had a 
low-molecular^weight side peak molecular weight of 10,000, a high-molecular-weight side peak molecular weight of 
750,000. a weight-average molecular weight (Mw) of 360.000, a nurriber-average molecular weight (Mn) of 6,000 and 
a Mw/Mn ratio of 60, and also had a glass transition temperature (Tg) of 60°C. 

Resin (2) Production Example 

[0222] 83 parts by weight of styrene, 1 7 parts by weight of butyl acrylate, 0.2 part by weight of polyvinyl alcohol, 200 
parts by weight of deaerated water and 3.0 parts by weight of AlBN were mixed and dispersed to obtain a suspension. 
The suspension thus obtained was heated, and was maintained at 85°C for 24 hours in an atmosphere of nitrogen, 
where the polymerization was completed to obtain resin (2). 

[0223] The resin (2) was analyzed to reveal that in its molecular weight distribution as measured by GPC, it had a 
peak molecular weight of 40,000, a weight-average molecular weight (Mw) of 42,000, a number-average molecular 
weight (Mn) of 12,000 and a Mw/Mn ratio of 3.5, and also had a glass transition temperature (Tg) of 60°C. 

Example 1 

[0224] 





(by weight) 


Resin (1) 


100 parts 


1,1-Bis(4-hydroxyphenyl)cyclohexane polycarbonate (peak molecular weight: 5,000; 


10 parts 


Mw: 6,000; Mn: 1,700) 




Carbon black (BET specific surface area: 85 rrfrg) 


10 parts 


Negative charge control agent (a salicylic acid iron complex) 


2 parts 


Low-molecular-weight polyethylene with a maximum endothermic peak at 107°C 


5 parts 



[0225] The above materials were uniformly dispersed and mixed, and thereafter the mixture obtained was melt- 
kneaded. The kneaded product obtained was finely pulverized, and the resultant particles were further treated to make 
surface modification to make them smooth and spherical. 

[0226] Subsequently, the particles this obtained were classified to prepare toner particles (1). Then, 100 parts by 
weight of the toner particles (1) and 2 parts by weight of a hydrophobic fine silica powder (BET specific surface area: 
200 rrftg) were dry-process mixed by means of a Henschel mixer to obtain toner (1). Then, 6 parts by weight of the 
toner (1) thus obtained and 94 parts by weight of a resin-coated magnetic ferrite carrier (average particle diameter: 50 
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urn) were Wended to produce two-component developer (1) for magnetic brush development. 
[0227] The toner particles (1) had, as shown in Table 1. the value of SF-1 of 135, the value of SF-2 of 118, the value 
of (SF-2)/( SF-1) of 0.87, a weight-average particle diameter of 7.3 >im, a high-molecuiar-weight side peak molecular 
weight of 650,000 and a low-molecular-weight side peak molecular weight of 10,000. 

5 [0228] With regard to the toner (1 ), components having molecular weight of 1 ,000 or less, in its molecular weight dis- 
tribution as measured by GPC of THF-soluble matter, were separated and collected by GPC and they were analyzed 
by 1 H-NMR, 13 C-NMR and IR. As a result, as shewn in Table 1 , a component having in its structure a repeating unit of 
the polycarbonate resin, contained in the components having molecular weight of 1,000 or less, was contained in an 
amount of 1 .0% by weight based on the weight of the toner. 

10 [0229] The 1,1-bis(4-hydraxyphenyl)cyclohexane polycarbonate used in the production of the toner particles (1) is 
purified by repeating its reprecipitation using methylene chloride and isopropanol to reduce lower molecular weight 
components and impurities. 

[0230] On the toner particles (1), their storage stability was evaluated in the following way. As a result, as shown in 
Table 1 , good results were obtained without any damage of the fluidity of toner particles. 

15 

Evaluation of storage stability: 

[0231 ] 5.0 g of the toner particles (1 ) were put into a 50ml cup made of plastic, and these were allowed to stand in a 
hot-air dryer set at 50.0°C. Three days later, these were taken out and left to cool to room temperature. Evaluation was 
20 visually made according to the following criteria. 

A: Fluidity is not damaged. 

B: Fluidity is low, but the original fluidity is restored upon rotation of the op. 
C: The toner particles are seen to have agglomerated or become coarse. 
25 D: Caking. 

Example 2 

[0232] Toner particles (2), toner (2) and developer (2) were produced in the same manner as in Example 1 except 
30 that as the polycarbonate resin the 1,1-bis(4-hydroxyphenyl)cydohexane polycarbonate was replaced with 1-phenyl- 
1,1-bis(4-hydroxyphenyl)ethane polycarbonate (peak molecular weight: 4,500; Mw: 5,000; Mn: 1,500). Analysis and 
evaluation on the toner particles (2) and toner (2) were made similarly to obtain the results as shown in Table 1 . 
[0233] The 1 -phenyl-1 , 1 -bis(4-hydroxyphehyl)ethane polycarbonate used in the production of the toner particles (2) 
is purified by repeating its reprecipitation using methylene chloride and isopropanol to reduce lower molecular weight 
35 components and impurities. 

Example 3 

[0234] Toner particles (3). toner (3) and developer (3) were produced in the same manner as in Example 1 except 
40 that as the polycarbonate resin the 1 , 1-bis(4-hydroxyphenyl)cyclohexane polycarbonate was replaced with 2.2-bis(3- 
methyM4iydroxyphenyl)propane polycarbonate (peak molecular weight: 4,000; Mw: 4,500; Mn: 1,200). Analysis and 
evaluation on the toner particles (3) and toner (3) were made similarly to obtain the results as shown in Table 1 . 
[0235] The 2,2-bis(3-methyl-4-hydroxyphenyl)propane polycarbonate used in the production of the toner particles (3) 
is purified by repeating its reprecipitation using methylene chloride and isopropanol to reduce lower molecular weight 
45 components and impurities. 

Examples 4 and 5 

[0236] Toner particles (4) and (5), toners (4) and (5) and developers (4) and (5) were produced in the same manner 
so as in Example 1 except that conditions for the surface modification treatment were changed. Analysis and evaluation 
on the toner particles (4) and (5) and toners (4) and (5) were made similarly to obtain the results as shown in Table 1 . 

Examples 

55 [0237] Toner particles (6), toner (6) and developer (6) were produced in the same manner as in Example 1 except 
that the surface modification treatment was not made. Analysis and evaluation on the toner particles (6) and toner (6) 
were made similarly to obtain the results as shown in Table 1. 
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Example 7 

[0238] Toner particles (7), toner (7) and developer (7) were produced in the same manner as in Example 1 except 
that the resin (1) was replaced with the resin (2). Analysis and evaluation on the toner particles (7) and toner (7) were 
made similarly to obtain the results as shown in Table 1 . 

Example 8 

[0239] Toner particles (8), toner (8) and developer (8) were produced in the same manner as in Example 1 except 
that the salicylic acid iron complex was replaced with a conpound formed of a monoazo dye and iron. Analysis and 
evaluation on the toner particles (8) and toner (8) were made similarly to obtain the results as shown in Table 1 . 

Comparative Example 1 

[0240] Toner particles (9) for comparison, toner (9) for comparison and developer (9) for comparison were produced 
in the same manner as in Example 1 except that the polycarbonate resin was not used. Analysis and evaluation on the 
toner particles (9) for comparison and toner (9) for comparison were made similarly to obtain the results as shown in 
Table 1. 

20 Comparative Example 2 

[0241] Toner particles (10) for comparison, toner (10) for comparison and developer (10) for comparison were pro- 
duced in the same manner as in Example 1 except that 25 parts by weight of a compound formed by ester linkage of 
p-tert-butyl phenol and 1,1-bis(4-hydroxyphenyl)cyclohexane through carbon was further added. Analysis and evalua- 
25 tion on the toner particles (10) for comparison and toner (10) for comparison were made similarly to obtain the results 
as shown in Table 1. 



10 



15 



Comparative Example : 
30 [0242] 



35 



40 



Bisphenol A/biphenol/cBethylene glycol copolymer polycarbonate (peak molecular weight: 
12,000; Mw: 13,000; Mn: 4,000; Tg: 50°C) 

Carbon black (BET specific surface area: 85 n^/g) 

Negative charge control agent (a salicylic acid iron complex) 

Low-molecular-weight polyethylene with a maximum endothermic peak at 107°C 



100 parts 

10 parts 
2 parts 
5 parts 



45 



50 



[0243] The above materials were uniformly mixed, and thereafter the mixture obtained was melt-kneaded, followed 
by fine pulverization. Then, the subsequent procedure of Example 1 was repeated to obtain toner particles (1 1) for com- 
parison, toner (11) for comparison and developer (11) for comparison. Analysis and evaluation on the toner particles 
(1 1) for comparison and toner (1 1 ) for comparison were made similarly to obtain the results as shown in Table 1 . 
[0244] The bisphenol A/biphenol/diethylene glycol copolymer polycarbonate used in the production of the toner par- 
ticles (11) is not subjected to purification by reprecip'rtation. 

Comparative Example 4 

[0245] 



Resin (1) 



(by weight) 
50 parts 



29 
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(continued) 







1 ,1 -Bis{4-hyclrQxypheny0cyc!ohexane polycarbonate (peak molecular weight 3.000; Mv 


r. 3.500; 


50 parts 


Mn: 1.000) 






Carbon black (BET specific surface area: 85 irfrg) 




10 parts 


Negative charge control agent (a salicylic acid iron complex) 




2 parts 


Low-molecular-weight polyethylene with a maximum endothermic peak at 107°C 




5 parts 



[0246] The above materials were uniformly dispersed and mixed, and thereafter the rrtxture obtained was melt- 
kneaded. The kneaded product obtained was finely pulverized, and the resultant particles were further treated to make 
surface modification to make them smooth and spherical. 
,5 [02471 Subsequently, the particles thus obtained were classified to prepare toner particles (12) fa OTrTipar^nJhBa 
OO.Lsbyw.Wthetonerpart^ 

(BET specific surface area: 200 nf/g) were dry-process mixed by means of a Henschd m>xer *™ ( 12) for 
comparison. Then. 6 parts by weight of the toner (1 2) for comparisonthusobfoineda^94parte by we. fl Wof a rean- 
3 Sgnetic f errite carrier (average particle diameter : 50 m) were blended top^^^mpon^ d^r 
20 02) for comparison The 1.1-bis(4-hydroxyphenyDcyclohexane polycarbonate used .n the productoon of toner partcles 
(1 2) is not subjected to purification by reprecipitatjon. 



Table 1 



25 




Toner 


Toner particles 


Content * of 1.000 or less 


SF-1 


SF-2 


SF-2/SF-1 


(1) (urn) 


(2) 








molecular weight polycar- 




















bonate component (wt.%) 














Exan 


pie: 












30 


1 


(D 


(D 


1.0 ! 


135 


118 


0.87 


7.3 


A 




2 


(2) 


(2) 


20 


137 


119 


0.87 


7.2 


A 




3 


(3) 


(3) 


1.5 


136 


118 


0.87 


7.3 


A 




4 


(*) 


(4) 


1.0 


143 


118 


0.83 


7.1 


A 


35 


5 


(5) 


(5) 


1.0 


155 


135 


0.87 


7.2 


A 




6 


(6) 


(6) 


1.0 


175 


161 


0.92 


7.5 


A 




7 


(7) 


(7) 


1.0 


134 


118 


0.88 


6.9 


B 


40 


8 


(8) 


(8) 


1.0 


133 


119 


0.89 


7.3 


A 




Com 


parative E 


Example: 












1 


(9) 


(9) 


0.0 


134 


117 


0.87 


7.4 


B 


45 


2 


(10) 


(10) 


17.0 


135 


116 


0.86 


7.1 


B 


3 


(11) 


(11) 


6.2 


168 


158 


0.94 


7.0 


D 




4 


(12) 


(12) 


16.0 


136 


119 


0.88 


7.7 


D 



50 



55 



(1): Weight-average particle diameter 

dt^ponem having in its structure a repeating unit of the ^^^^^^Z^ZTcA 
having molecular weight of 1 .000 or less, in molecular weight distribution as measured by GPC of THF-sofubte matter of 
the toner. 

[0248] Using the developers (1) to (8) and the developers (9) to (12) for comparison, having the toners (1)1 Jo (8) ,and 
the toners (9)to(12) for cortparison. prodded in Exarnples 1 to8 and Conparative 
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cross section of an image forming apparatus used in the present Examples. Fig. 3 iflustrates a developing system of Ihe 
imHQB forming apparatus. a 
,0250] The photosensitive drum 1 comprises a substrate 1a and provided thereon a photosensitive layer Jb hawing 
Sani^hTSonductor. and is -Sated in the Section of an anw By mea^ of *^J^W*™ 
ducteve elastic layer 2a and the mandrel 2b) facing the photosensrtive drur^rotetng,r contort wrth* the surface 
of the photosensitive drum 1 is electrostatically charged to have a surface P^^^f^^ 0 ^^ 8 "' 0 
nrforfusingapolygonrrworby^ 

Son hereby anTectrostatic latent image with an exposed-area potential of -100 V and a dark-area potent* of -600 
V Ts toVmS y 5sing the develops assembly 4-1 among a plurality of developing assembl.es. ^ 
imparted to the surface of the photosensitive drum 1 to form toner images by reverse d^merrt^Tbe tone ""ages 
arefransfened to the intermediate transfer member 5. The toner remaining on the photosensrbve drum 1 after transfer 
is txilected in a residual toner container 9 by means of a cleaning member 8. 

^T^e iZSXte transfer member 5 is comprised of the pipe-like mandrel 5b and the etast^ayer Sapronded 
En by S formed of nitrile*utadiene rubber (NBR) in which a conductivity-providing ago* of carbon Wack 
Senl^Srsed. The coat layer 5a thus formed has a hardness according to JIS K-6301^30 degrees and a 
^«HM»?10> n • cm. Transfer electric cunent necessary for the transfer fromtfie P^njrtve^lto 
Srrtermediat^^ 

• SS" a TT«r" ler 7 has an external diameter of 20 mm. The tracer ^^SJ^ZJ^om 
coating on a mandrel 7b of 10 mm diameter, a foamable material of an ethylene-pro^enentf ene terpdyrnw (EPDM) 
S clST a oonductMty-providing agent has been wel. dspersed. As the elastic layer 7a. ™ v* 
ITresSvity of 1 0 6 CI • cm and a hardness according to JIS K-6301 . of 35 degrees was used. A voltage was applied 

to the transfer roller to flow a transfer cunent of 15 fiA. . .. „„_,:_- ^ 

ra253] As the heat fixing assentty H. a fixing assembly of a hot-roll type having no funcbon of o.l W^onwas 
zs S Hera as both the upper roller and the lower roller, those having surface ^of It^nne resm were used, havmg 
roller diameter of 50 mm. The fixing temperature was set at 180°C, and the nip width at 7 mm. 
SnS^Ze condition! aToo-sheet printing test was made in an environment of ^ temple a^ 
nomwl humidity (N/N: 25°C. 60%RH) at a printing rate of 8 sheets(A4-size)/minute in a monochromatic continuous 
m^elieTn^ 

so wSe succeSJ s^ng each of Zdevelopers (1) to (8) and the developers (9, to (12) for ™P«™^ 
re^m^Srt JlowTenperature and .ow humidity (UL: 15'C. 10%RH). a 5.000*heet l^^^^ S ?^ 
fn toe same printing modern, evaluation on printed images thus obtained was made in respect of the rtems shown 

[0255] After the printing tests were completed, the matching of the above developers to the image forming apparatus 
35 simultaneously used was also evaluated. 

[0256] The results of the above evaluation are summarized in Tables 2 and 3. 
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Table 2 



Printed-lmage Evaluation Results 






Developer I 


N/N image 


UL image 


Change in image 


ruy 


Blank areas 




density 


density 


density - 






Examj 


Die: 






1 


(1) 


A 


A 


A 


A 


A 


2 


(2) 


A 


A ! 


A 


A 


A 


3 


(3) 


A 


A 


A 


A 


A 


4 


(4) 


A 


A 


A 


A 


B 


5 


(5) 


A 


A 


B 


A 


B-C 


6 


(6) 


C 


C 


B 


B 


C 


7 


(7) 


A 


A 


B 


A 


A 
M 


8 


(8) 


A 


A 


A 


A 


A 


Comf 


>arative Exam; 


pie: 






1 


(9) 


D 


D 


c - 


C 


C 


2 


(10) 


D 


D 


D 


D 


D 


3 


(11) 


C 


C 


D 


B 


D 


4 


(12) 


D 


D 


D 


D 


B 



Table 3 



Evaluation Results of Matching to Image Forming Apparatus 


5 




Developer 


Developing 


Photosensitve 


Intermediate 


Fixing assembly 




sleeve 


drum 


transfer member j 




Examp 


Je: 




1 


(D 


A 


A 


A 


A 


2 


(2) 


A 


A 


A 


A 


3 


(3) 


A 


A 


A 


A 


4 


(4) 


B 


B 


A 


A 


5 


(5) 


B 


B 


B 


B 


6 


(6) 


B 


C 


C 


C 


7 


(7) 


B 


B 


A 


C 


8 


(8) 


A 


A 


A 


A 


Comp 


arative Examp 


»le: 




1 


(9) 


D 


C 


D 


D 


2 


(10) 


D 


D 


D 


C 


3 


(11) 


D 


D 


D 


D 


4 


(12) 


C 


C 


C 


D 
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Examples 9 & 
Comparative Example 5 



10 



15 



contact with the toner carrying member of which was coated with riylon. 
[0259] The results of evaluation are summarized in Tables 4 and 5. 



Table 4 



Printed-lmage Evaluation Results 




Toner 


N/N image 
density 


UL image 
density 


Change in image I Fog Blank areas 
density j 


Example: 




9 


(D 


A 


» 


A | A | A 


Comparative Example: 


5 


| 0) 


I » 




| c c c 



30 



Table 5 



Evaluation Results of Matching to Image Forming Appan 


itus 




Toner 


Developing 
sleeve 


Photosensitive 1 Intermecfiate 
drum 1 transfer member 


Fixing assembly 


Examj 


Die: 






9 


I 0) 


A 


A 1 * 




Comparative Example: 


5 


| 0) 


1 " 


D | D 


D 



as Example 10 & 

Comparative Example 6 



50 



55 
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Ra of 1 . 1 was used, where its surface movement speed was so set as to be 1 . 1 times the movement speed of the pho- 
tosensitive drum surface, and then the gap (S-D distance) between the photosensitive drum and the developing sleeve 
was set at 270 urn. As the toner regulation member, a blade made of urethane rubber was used in contact with the 
developing sleeve. As the development bias, a bias formed by superimposing an AC bias component on a DC bias corrv 
5 ponent was used. 

[0261] As the heat fixing assembly H, a fixing assembly shown in Figs. 6 and 7 was used. The surface temperature 
of a temperature detector 31d of a heating element 31 was 6et at 170°C, the total pressure between the heating ele- 
ment 31 and a spongy pressure roller 33 having a foam of silicon rubber in its lower layer was set to be 8 kg, and the 
nip between the pressure roller and a fixing film 32 was set to be 6 mm. As the fixing film 32, a 60 \im thick heat-resistant 

10 polyimide film was used which had on its side coming into contact with the recording medium a low-resistance release 
layer formed of PTEF (of a high-molecular-weight type) having a conductive material dispersed therein. 
[0262] Under the above conditions, a 100-sheet printing test was made in an environment of normal temperature and 
normal humidity (N/N: 25°C, 60%RH) at a printing rate of 6 sheets(A4-size)/rninute in an intermittent mode (i.e.. a mode 
in which the developing assembly was made to pause for 10 seconds every time the images were printed on one sheet 

15 and the deterioration of the toner was accelerated by preliminary operation of the developing assembly when again 
driven) while successively supplying each of the toner (1 ) produced in Example 1 and the toner (1 0) for comparison pro- 
duced in Comparative Example 2. Thereafter, in an environment of low temperature and low humidity (UL: 15°C. 
10%RH), a 5.000-sheet image printing test was made in the same printing mode. Then, evaluation on the printed 
images thus obtained was made in respect of the items shown later. 

20 [0263] The matching of the above toners to the image forming apparatus simultaneously used was also evaluated. 
[0264] The results of the above evaluation are summarized in Tables 6 and 7. 



Table 6 



Printed-lmage Evaluation Results 




Toner 


N/N image 
density 


LA image 
density 


Change in image 
density 


Fog 


Blank areas 


Example: 


10 


(D 


A 


A 


A 


A 


A 


Comparative Example: 


6 (10) 


° 




D 


D C 



Table 7 



Evaluation Results of Matching to Image Forming Apparatus 




Toner 


Developing 
sleeve 


Photosensitive 
drum 


Fixing assembly 


Example: 


10 


(1) 


* 


A A ! 


Comparative Example: 


6 


(10) 


D 


D 


D 



50 

Example 11 

[0265] A printing test was made in the same manner as in Example 1 0 except that the toner reuse mechanism of Fig. 
5 was detached and images were printed in a continuous mode (i. a mode in which the consumption of the toner was 
55 accelerated without a pause of the developing assembly) while supplying the toner (2) produced in Example 2. 

[0266] Evaluation on the printed images thus obtained was made in respect of the items shown later, and also the 
matching of the toner to the image forming apparatus used was evaluated. As the result good results were obtained on 
all items. 
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[0267] The evaluation items stated in Examples and Comparative Examples and their evaluation criteria are as 
described below. 

- Printed-lmage Evaluation - 
(1) Image density: 

[0268] Image density of images printed on the 100th sheet was evaluated. The image density was measured with 
MACBETH REFLECTION DENSITOMETER (manufactured by Macbeth Co.), as relative density with respect to an 
image printed on a white ground area with a density of 0.00 of an original. 



A: 1 .40 or mora 
B: From 1 .35 to less than 1 .40. 
C: From 1 .00 to less than 1 .35. 
15 D:less than 1.00. 

(2) Change in image density: 

[0269] The image density of images printed on the 100th sheet and 5.000th sheet in the environment of low temper- 
20 ature and low humidity was measured, and any change in image density was calculated according to the following 
expression. The image density was measured with MACBETH REFLECTION DENSITOMETER (manufactured by 
Macbeth Co.). as relative density with respect to an image printed on a white ground area with a density of 0.00 of an 
original. 

2S Change in image density « (density on 100th sheet) - (density on 5.000th sheet) 

A: Less than 0.05. 
B: From 0.05 to less than 0.10. 
C: From 0.10 to less than 0.15. 
30 D: More than 0.15. 

(3) Image fog: 

[0270] Fog density (%) was calculated from a difference between the whiteness at a white background area of images 
35 printed on the 100th sheet in the environment of normal temperature and normal humidity and the whiteness of the 
recording medium to mate evaluation on image fog. The fog density was measured with REFLECTOMETER (manu- 
factured by Tokyo Denshoku Co.. Ltd.). 

A: Less than 1.5%. 
40 B: From 1.5% to less than 2.5%. 
C: From 2.5% to less than 4.0%. 
D: More than 4.0%. 



45 



(4) Blank areas caused by poor transfer: 

[0271 ] In images printed on the 100th sheet in the environment of normal temperature and normal humidity, evalua- 
tion was visually made on characters with a pattern as shown in Fig. 1 0A. to examine any blank areas (the state shown 
in Fig. 10B) caused by poor transfer. 

so A: Little occur. 

B: Slight blank areas are seen. 
C: Blank areas are a little seen. 
D: Conspicuous blank areas are seen. 

55 
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- Evaluation on Matching to Image Forming Apparatus - 

(1) Matching to developing sleeve: 

s [0272] After theprimingtest was finished.^ 
ing on the developing sleeve surface. 

A: No sticking occurs. 
B: Almost no sticking occurs. 
w C: Sticking is a little seen. 
D: Sticking is greatly seen. 

(2) Matching to photosensitive drum: 

15 [0273] After the printing test was finished, evaluation was visually made by examining any scratches on the photosen- 
sitive drum surface and any sticking of the toner remaining thereon. 

A: None of them occurs. 
B: Scratches are seen to slightly occur. 
20 C: Sticking and scratches are seen. 
D: Sticking is greatly seen. 

(3) Matching to intermediate transfer member: 

25 [0274] After the printing test was finished, evaluation was visually made by examining any scratches on the interme- 
diate transfer member surface and any sticking of the toner remaining thereon. 

A: None of them occurs. 

B: Residual toner is seen to present on the surface. 
30 C: Sticking and scratches are seen. 
D: Sticking is greatly seen. 

(4) Matching to fixing assembly: 

35 [0275] Aftertheprintingtestwasfinished, evaluation was visually made by examining any scratches on the fixing film 
surface and any sticking of the toner remaining thereon. 

A: None of them occurs. 
B: Sticking is slightly seen. 
40 C: Sticking and scratches are seen. 
D: Sticking is greatly seen. 

Example 12 

45 [0276] 







(by weight) 


50 


Resin (1) 


100 parts 




Carbon black (BET specific surface area: 1 04 m 2 /g) 


10 parts 




Negative charge control agent (a salicylic acid iron complex) 


2 parts 


55 


Low-molecular-weight polyethylene with a maximum endothermic peak at 107°C 


5 parts 



[0277] THe above materials were mixed using a blender, and the mixture obtained was melt-kneaded by 
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15 



20 



30 



35 



40 



twin-screw extruder heated to 1 30°C. The resultant kneaded product having been cooled, was crushed with a hammer 
mill.Thereafter.thecrushedproductwasfinelypulveri2edusingajetm.il. .....^^ 

r02781 Next 100 parts by weight <>fparfdes thus obtained by pulverization and 20 parts 

^l^oZ^^X^ mo.ecu.ar weight: 5.000; Mw: 5.600; Mn^600) were 

S J2J3S mixer followed by anchoring treatment at 40«C to obtain fine putvenzahon partdes to the surfaces^ 

^^^^^^S^<^^^^ polycarbonate adheredjhe oartdes 

wereVea^^ 

rirn^rtamShanicaiimpadforce. Subsequent*, the partides thus ob^ 

nam As a result of TEM observation of cross-sections of the toner partides (13). continuous contrasts were seen 

S ton* paSe surfao^ T/Mso. udng PAS. the compodCon of the resuHam tonerpartide 

Z ft I WPAS while charring the scanning speed of a movable mirror. As a result, a spectrum ong.nat.ng from the 1 .1 - 

continuously present on the toner partide surfaces. , lr ^ nMn r ma ciiim mwrtor 

TO280] Ne%0partsbyweigm<>fmetonerpartides(1^^ 

BCT soedfic surface area 200 nf/g) were dry-process mixed by means of a Henschel m.xer to cbta.n toner (13). 
SeLaSef 6 t^te S lefaht the toner (1 3) thus obtained and 94 parts by weight of a redn-coated magneto femte 

ST^e toner particles (13) had the value of SF-1 of 145. the value of SF-2 of 130. the value of (SF-2V(SF-1) of 
oTiwSSSSe diameter of 6.9^ 

E moircuirwdaht of 1 000 or less were separated and collected by GPC and they were analyzed by 1 HHNMR. 
STa^R Asl resort a^nent having^ structure a repeating unit of the polycarbonate «f*r^ 
in *e c^nent ^a^nTrnoiecufoTweight of 1 .000 or less, was contained in an amount of 1 .2% by weight based on 
S SSiSSiZZSm 1 l^hyioxyphenyocydohexane polycarbonate used in the product™ of toner (13) . . 
piiSS repeating its repredpitSion using dichloromethane and isopropano. to reduce lower mo.ecii.ar w«ght com- 

EsT ^SeTpartides (13). their storage stabilrty was ateo evaluated in the same manner as in ^plel-As 
St, ^J7w<MM without a^damageofthefluidity of toner partdes.^ 
toner partides (13) and toner (13) were made similarly to obtain the results as shown .n Table 8. 

Example 13 

102841 Toner particles (14), toner (14) and developer (14) were produced in the same manner as in Example 12 
S thaTas theVobSLnate resin tie 1.H,is(4-hydroxyphenyl)cyclohexane polycarbonate was replaced wrth 20 
SrwetgrnTab^enol A/biphenol/hexamettylene glycol copolymer polycarbonate (peak molecularv^ght 
900K 7£ 32 000 , MnTlO.000; Tg: 60«C). The bisphenol A/biphend/hexamethylene glycol copolymer polycarbonate 
£7n r P rcd "of toner 14) is purJied by repeating as reprecipi^on ^^^SZSS 
to reduce lower molecular wdght components and impurities. Analyse and eva.uat.on on the toner partcles (14) and 
toner (14) were made similarly to obtain the results as shown in Table 8. 

Example 14 
[0285] 





(by weight) 


Resin (1) 

Carbon black (BET specific surface area: 104 nrftg) 
Negative charge control agent (a salicylic acid iron complex) 
Lw-molecular-weight polyethylene with a maximum endothermic peak at 107°C 


100 parts 
10 parts 
2 parts 
5 parts 
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10 



15 



20 



[0286] The above materials were mixed using a blender, and the mixture obtained was ^"^XSm^ 
Eiew extruder heated to 130'C. The resultant kneaded product, having been cooled, was crushed wrth a hammer 

milLThereafter.thecrushedproductwasfinelypulveriredusingajetmill. 

Lti Next the partides thus obtainedweretreated to make surface rnodific^n 

^JSToSS a rotor rotated to impart a mechanical impact force, followed by classification Then. 100 

SSSTS bisphenol A polycaitonate used in the production of toner (15) is puriM by repeating Hs reprecipitation ; 
Sdiim^ and ii propanol to reduce lower molecular ^ resufts as . 

DH«] Analysis and evaluation on the toner particles (15) and toner (1 5) were made similarly to obtain the results as 



shown in Table 8. 
25 Example 15 



30 



35 



40 



Lm molecuar w*ht anji InprtM ana Mlu* 



Example 16 



[0293] into a 2-liter four-necked separable flask having a highspeed ^^^^^^X^. 

^^iTl^X^ ~ ^thereto Me by JJe to prepare an agueous continuous phase 
containing fine-particle slightly water-soluble dispersion stabilizer Ca3(P04). 
[0294] Meanwhile, as a disperse phase (dfepersoid). the following was prepared. 





(by weight) 


Styrene 


83 parts 


n-Butyl acrylate 


17 parts 


Divinyibenzene (purity: 55%) 


0.3 part 


Carbon black (BET specific surface area: 104 m 2 /g) 


10 parts 


Negative charge control agent (a salicylic acid iron complex) 


2 parts 



[0295] A mixture of the above materials was dispersed for 3 hours by means of an arbiter (manufactured by 
Miike Engineering Corporation). To the dispersion obtained; 
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5 



1 ( 14ws(4-hydroxyphenyl)cydohexane polycarbonate (peak molecular weight: 8,000; 
Mw: 8,600; Mn: 2,800) 

Paraffin wax with a maximum endothermic peak at 70°C 
a.^-azobisia.^dimethylvaleronitrile) 



5 parts 



5 parts 
5 parts 



were added, followed by heating to 70°C to prepare a pofymerizable monomer composition. 
[0296] Next, the polymerizable monomer composition was introduced into the above aqueous dispersion medium to 
granulate the polymerizable monomer composition in an atmosphere of nitrogen at a liquid temperature of 70°C with 
stirring for 15 minutes while maintaining the number of revolution of the high-speed stirrer at 12,000 rpm. Thereafter, 
15 the stirrer was changed to a stirrer having propeller stirring blades and the system was kept at 70°C for 10 hours with 
stirring at 50 rpm to obtain a suspension. 

[0297] Thereafter, the suspension was cooled, and diluted hydrochloric acid was added to remove the dispersion sta- 
bilizer. Washing with water was further repeated several times, followed by drying to obtain polymerization particles, 
which were designated as toner particles (17). 
20 [0298] Trie toner particles (17) had the value of SF-1 of 127, the value of SF-2 of 106. the value of (SF-2)/(SF-1) of 
0.83, a weigh-average particle diameter of 6.2 urn, a peak molecular weight of 20,000. 

[0299] The toner particles (1 7) were precisely, weighed out in an amount of 1 .0 g, which was then loaded into a cylin- 
drical fitter paper and was subjected to Soxhlet extraction with 200 ml of tetrahydrofuran (THF) for 20 hours. The result- 
ant filter paper was vacuuirKiried at 40°C for 12 hours, and the weight of the residue was measured to calculate the 

25 THF-insoluble matter. As a result, it was 40% by weight based on the weight of the polymerization particles. 

[0300] Next, 100 parts by weight of the above toner particles (1 7) and 2 parts by weight of a hydrophobic fine silica 
powder (BET specific surface area: 200 m 2 /g) were dry-process mixed by means of a Henschel mixer to obtain toner 
(17). Thereafter, 6 parts by weight of the toner (17) thus obtained and 94 parts by weight of a resin-coated magnetic 
ferrite carrier (average particle diameter: 50 urn) were blended to produce two-component developer (17) for magnetic 

30 brush development. 

[0301 ] In the molecular weight distribution as measured by GPC of THF-soluWe matter of the toner (17), components 
having molecular weight of 1,000 or less were separated and collected by GPC and they were analyzed by 1 H«NMR, 
13 C-NMR and IR. As a result, a component having in its structure a repeating unit of the polycarbonate resin; contained 
in the components having molecular weight of 1 ,000 or less, was contained in an amount of 0.5% by weight based on 
35 the weight of the toner. The 1 ,1 -bis(4-hydrQxyphenyI)cyclohexane polycarbonate used in the production of toner (1 7) is 
purified by repeating its reprecipitation using dichloromethane and isopropanol to reduce lower molecular weight com- 
ponents and impurities. Analysis and evaluation on the toner particles (1 7) and toner (1 7) were made similarly to obtain 
the results as shown in Table 8. 

40 Example 17 

[0302] Toner particles (18). toner (18) and developer (18) were produced in the same manner as in Example 16 
except that 1 part by weight of an unsaturated polyester (polyester obtained by condensation of propoxylated bisphenol 
A with fumaric acid; peak molecular weight: 10,000) was further added in the polymerizable monomer composition. 
45 Analysis and evaluation on the toner particles (1 8) and toner (1 8) were made similarly to obtain the results as shown in 
Table 8. 



so [0303] Toner particles (19), toner (19) and developer (19) were produced in the same manner as in Example 16 
except that as the polycarbonate resin the 1,1-bis(4-hydroxyphenyl)cyclohexane polycarbonate was replaced with 1- 
phenyl-1,1-bis(4-hydroxyphenyl)ethane polycarbonate (peak molecular weight: 20,000; Mw: 26,000; Mn: 6,500). The 1- 
pheny»-1,1-bis (4-hydroxyphenyl)ethane polycarbonate used in the production of toner (19) is purified by repeating its 
reprecipitation using dichloromethane and isopropanol to reduce lower molecular weight components and impurities. 

55 Analysis and evaluation on the toner particles (1 9) and toner (1 9) were made similarly to obtain the results as shown in 
Table 8. 



Example 18 
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[0304] Toner particles (20), toner (20) and developer (20) were produced in the same manner as in Example 16 
except that as the polycarbonate resin the 1 , 1 -bis(4- hydroxyphenyl) cyclohexane polycarbonate was replaced with 2,2- 
bis{3-methyl-4-hydroxypheny1)propane polycarbonate (peak molecular weight: 8,000; Mw: 7,800; Mn: 2,500). The 2,2- 
bis(3-methyl-4-hydroxypheny1) propane polycarbonate used in the production of toner (20) is purified by repeating its 
repredprtation using dichloromethane and isopropanol to reduce lower molecular weight components and impurities. 
Analysis and evaluation on the toner particles (20) and toner (20) were made similarly to obtain the results as shown in 
Table 8. 

Example 20 

[0305] Toner particles (21), toner (21) and developer (21) were produced in the same manner as in Example 12 
except that the resin (1) was replaced with resin (2). Analysis and evaluation on the toner particles (21) and toner (21) 
were made similarly to obtain the results as shown in Table 8. 

Example 21 

[0306] Toner particles (22), toner (22) and developer (22) were produced in the same manner as in Example 16 
except that the salicylic acid iron complex was replaced with a compound formed of a monoazo dye and iron. Analysis 
and evaluation on the toner particles (22) and toner (22) were made similarly to obtain the results as shown in Table 8. 

Comparative Example 7 

[0307] Toner particles (23) for comparison, toner (23) for comparison and developer (23) for comparison were pro- 
duced in the same manner as in Example 1 2 except that the polycarbonate resin was not used. Analysis and evaluation 
on the toner particles (23) for comparison and toner (23) for comparison were made similarly to obtain the results as 
shown in Table 8. 

Comparative Example 8 

.> 

[0308] Toner particles (24) for comparison, toner (24) for comparison and developer (24) for comparison were pro- 
duced in the same manner as in Example 16 except that the polycarbonate resin was not used. Analysis and evaluation 
on the toner particles (24) for conparison and toner (24) for comparison were made similarly to obtain the results as 
shown in Table 8. 

Comparative Example 9 

[0309] 





(by weight) 


Bisphenol A/biphenol/diethylene glycol copolymer polycarbonate (peak molecular weight: 12,000; 
Mw: 13,000; Mn: 4,100; Tg: 50°C) 

Carbon black (BET specific surface area: 85 rtf/g) 

Negative charge control agent (a salicylic acid iron complex) 

Low-molecular-weight polyethylene with a maximum endothermic peak at 107°C 


100 parts 

10 parts 
2 parts 
5 parts 



[0310] The above materials were uniformly mixed, and thereafter the mixture obtained was melt-kneaded, followed 
by fine pulverization. Then, the subsequent procedure of Example 1 was repeated to obtain toner particles (25) for com- 
parison, toner (25) for comparison and developer (25) for comparison. The bisphenol A/biphenol/diethylene glycol 
copolymer polycarbonate used in the production of toner (25) for comparison is not subjected to purification by repre- 
ciprtation. Analysis and evaluation n the toner particles (25) for comparison and toner (25) for comparison were made 
similarly to obtain the results as shown in Table 8. 
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[0311] Using the developers (13) to (22) and the developers (23) to (25) for comparison, having the toners (13) to (22) 
and the toners (23) to (25) for comparison, produced in Examples 12 to 22 and Conrparative Examples 7 to 9. respec- 
tively, evaluation was made in the same way using the same image forming apparatus as used in Examples 1 to 8 and 
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Comparative Examples 1 to 4, except that only the printing tests were changed as shown below. 

[0312] To mate the printing tests, after each develop* was left for a week in an environment of formal Jemperjure 

2nd nomS humidity (N/N: 2>C. 60%RH). a 1.000-sheet printing test was made at a pr.nt.ng rate of 8 sheete(M- 

SSI in a monochromatic continuous mode (i.e.. a mode in which the oansuntfon of the « 

2>Ta pause of the developing assembly) while successively supplying each of the developers (13) to (22) a™ I the 

Sorera<23) to (25) for comparison. Next, after each developer was left for a week m an envronment of h.gh tem- 

tSSSZSSSSm (hTU 80%RH). a 1.000«heet image printing test was ^e in the sarne manner as 

m^oove. Then, evaluation on printed images thus obtained was made in respect of the rtems shown later. 

[0313] The results of evaluation are shown in Tables 9 and 10. 

Table 9 





Printed-lmage Evaluation ResuHs 






Developer 


Image density 


Change in image 


Fog J 


Blank areas 


15 






density | 








Examp 


ile: 








12 


(13) 


A 


A 


A 


B 


20 


13 


(14) 


A 


A 


A 


B 




14 


(15) 


B 


B 


A 


B 




15 


(16) 


A 


B 


A 


B 




16 


(17) 


A 


A 


A 


A 


25 


17 


(18) 


A 


B 


B 


A 




18 


(19) 


I A 


A : 


A 


A 




19 


(20) 


A 


B 


A 


A 


30 


20 


(21) 


A 


B 


A 


A 




21 


(22) 


A 


A 


A 


* 




Comp 


arative Examf 


>le: 






7 


(23) 


D 


D 


D 


D 


35 


8 


(24) 


D 


D 


D 


D 




9 


(25) 


C 


D 


C 


D 



40 



45 



50 



55 
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Table 10 





Evaluation Results of Matching to Image Forming Apparatus 


5 




Developer 1 


Developing I 


Photosensitive 


Intermediate 


Fixing assembly 






sleeve 


drum 


transfer member 








de: 






12 


(13) 


A 


B 


A 


A 


10 


13 


(14) 


A 


B 


A 


A 




14 


(15) 


A : 


A 


B 


B 




15 


(16) 


B 


B 


A 


A 


15 


16 


07) 


A 


A 


A 


A 




17 


(18) 


B 


A 


A 


A 




18 


(19) 


A 


A 


A 


A 




19 


(20) 


A 


A 


A 


B 


20 


20 


(21) 


A 


A 


B 


C 




21 


(22) 


A 


A 


A 


A 




Comp 


arative Examp 


lie: 




25 


1 7 


(23) 


D 


C 


D 


D 




8 


(24) 


D 


D 


D 


C 




9 


(25) 


D 


D 


D 


D 



30 



35 



40 



45 



Examples 22 & 
Comparative Example 10 

[0314] Evaluation was made in tine same manner as in Example 1 except that the developing assembly of the image 
forming apparatus, shown in Fig. 3. was replaced with the one shown in Fig. 4. the movement speed of the toner car- 
rying member surface was so set as to be 3.0 times the movement speed of the electrostatic latent image beanng mem- 
ber surface, and the printing test was made in a monochromatic intermittent mode (i.e.. a mode in iMita developing 
assembly was made to pause for 10 seconds every time the images were printed on one sheet and the deterioration of 
the toner was accelerated by preliminary operation of the developing assembly when again driven) while arccessively 
supplying each of the toner (13) produced in Example 1 1 and the toner (23) for comparison produced in Comparative 

reS'Nhe toner carrying member used here had a surface roughness Ra of 1 .5. and the toner regulation blade used 
was the one comprising a phosphor bronze base plate to which urethane rubber was bonded and the side coming .mo 
contact with the toner canying member of which was coated with nylon. 
[0316] The results of evaluation are summarized in Tables 11 and 12. 



Table 11 



Printed-lmage Evaluation Results 




Toner 


Image density 


Change in 


Fog 








image density 




Example: 


22 


(13) 


A 


A 


A 


Comparative Example: 


10 


(23) 


• 


° 


D 
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Table 12 



10 



Evaluation Results of Matching to Image Forming Apparatus 




Toner 


Developing 
sleeve 


Photosensitive 
drum 


Intermediate 
transfer member 


Fixing assembly 


Examj 


})e: 


22 


(13) 


A 


A 


A 


A 


Comparative Example: 


,0 


I (23) 




D 


D 


D 



15 



20 



30 



35 



40 



45 



50 



Example 23 & 
Comparative Example 1 1 

[0317] In the present Example, a reuse mechanism was attached to a commercially available laser beam printer LBP- 
EX (manufactured by CANON INC.) to remodel the printer, which was again set up and used. More specifically, as 
shown in Fig. 5, a system was attached in which the transfer residual toner present on the surface of the photosensitive 
drum 40 was scraped off with the elastic blade 42 of the cleaner 41 , coming into touch with the photosensitive drum, 
which was thereafter sent inside the cleaner by means of a cleaner roller, further passed through the cleaner screw 43, 
passed through the feed pipe 44 provided with a transport screw, and, through the hopper 45, returned to the develop- 
ing asserrbly 46, where the collected toner was again used. As the primary charging roller 47, used was a rubber roller 
(diameter: 12 mm; contact pressure: 50 g/cm) in which conductive carbon was dispersed, and covered with a nylon 
resin On the photosensitive drum (electrostatic latent image bearing member), a dark-area potential V D of -700 V and 
a light^rea potential V L of -200 V were formed by laser exposure (600 dpi). As the toner carrying member, a developing 
sleeve 48 whose surface was coated with a resin having carbon black dispersed therein and had a surface roughness 
Ra of 1 1 was used, where its surface movement speed was so set as to be 1 .1 times the movement speed of the pho- 
tosensitive drum surface, and then the gap (S-D distance) between the photosensitive drum and the developing sleeve 
was set at 270 urn. As the toner regulation merrtoer, a Wade made of urethane rubber was used in contact with the 
developing sleeve. As the development bias, a bias formed by superimposing an AC bias component on a DC bias com- 
ponent was used. _ , 
[0318] In the heat fixing assembly H, a fixing assembly shown in Figs. 6 and 7 was used. The surface temperature of 
a temperature detector 31d of a heating element 31 was set at 170°C, the total pressure between the heating element 
31 and a spongy pressure roller 33 having a foam of silicone rubber in its lower layer was set to be 8 kg. and the nip 
between the pressure roller and a fixing film 32 was set to be 6 mm. As the fixing film 32. a 60 *im thick heat-resistant 
polyimide film was used which had on its side coming into contact with the recording medium a low-resistance release 
layer formed of PTEF (of a high-molecular-weight type) having a conductive material dispersed therein. 
[0319] Under the above conditions, after each developer was left for a week in an environment of normal temperature 
and normal humidity (N/N: 25°C. 60%RH) a 1,000-sheet printing test was made at a printing rate of 4 sheets(A4- 
size)/minute in an intermittent mode (i.e., a mode in which the developing assembly was made to pause for 1 0 seconds 
every time the images were printed on one sheet and the deterioration of the toner was accelerated by preliminary oper- 
ation of the developing assembly when again driven) while successively supplying each of the toner (18) produced in 
Example 16 and the toner (24) for comparison produced in Comparative Example 8. Sifcsequently, after each devel- 
oper was left for a week in an environment of high temperature and high humidity (H/H: 30°C. 80%RH), a 1 ,000-sheet 
image printing test was made in the same manner as the above. Then, evaluation on the printed images thus obtained 
was made in respect of the items shown later. 

[0320] "me matching of the above toners to the image forming apparatus simultaneously used was also evaluated. 
[0321] The results of the above evaluation are summarized in Tables 13 and 14. 
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Table 13 



Printed-lmage Evaluation Results 




Toner 


Image density 


Change in 


Fog 








image density 




Example: 


23 


(13) 


A 


A 


A 


Comparative Example: 


11 


| (23) 


i ° 


D 


D 



Table 14 



Evaluation Results of Matching to Image Forming Apparatus 




Toner 


Developing 


Photosensitive 


Fixing assembly 






sleeve 


drum 




Example: 


23 


(13) 


A 


I A 


. A 


Comparative Example: 


11 


(23) 


D 


! ■ » 


: D 



Example 24 

[0322] A printing test was made in the same manner as in Example 23 except that the toner reuse mechanism of Fig. 
5 was detached and images were printed in a continuous mode (i.e.. a mode in which the consumption of the toner was 
accelerated without a pause of the developing assembly) while supplying the toner (17) produced in Example 16. 
[03231 Evaluation on the printed images thus obtained was made in respect of the items shown later, and also the 
matching of the toner to the image forming apparatus used was evaluated. As the result, good results were obtained on 
all items 

[0324] The evaluation items stated in Examples and Comparative Examples and their evaluation criteria are as 
described below. 

- Printed-lmage Evaluation - 

(1) Image density: 

[0325] Images were printed on 1 ,000 sheets of usual plain paper (75 g/m 2 ) for copying machines in the environment 
of normal temperature and normal humidity, and the image density of images printed on the 1 ,000th sheet was evalu- 
ated The image density was measured with MACBETH REFACTION DENSITOMETER (manufactured by Macbeth 
Co.), as relative density with respect to an image printed on a white ground area with a density of 0.00 of an ongmal. 

A: 1.40 or more. 
B: From 1 .35 to less than 1 .40. 
C: From 1 .00 to less than 1 .35. 
D: less than 1.00. 

(2) Change in image density: 

[0326] Images were printed on 1 ,000 sheets of usual plain paper (75 g/m 2 ) for copying machines in the environment 
of normal temperature and normal humidity and then in the environment of high temperature and high humidity. The 
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image density of images printed on the 1,000th sheet in each environment was measured, and any change in image 
density was calculated accorcfing to the following expression. The image density was measured with MACBETH 
REFLECTION DENSITOMETER (manufactured by Macbeth Co.), as relative density with respect to an image printed 
on a white ground area with a density of 0.00 of an original. 

5 

Change in image density = density at normal temperature and normal humidity - density on 5,000th sheet 

A: Less than 0.05. 
B: From 0.05 to less than 0.10. 
w C: From 0.10 to less than 0.15. 
D: Not less than 0.15. 

(3) Image fog: 

is [0327] Images were printed on 1 ,000 sheets of usual plain paper (75 g/m 2 ) for copying machines in the environment 
of normal temperature and normal humitfity. Fog density (%) was calculated from a difference between the whiteness 
at a white background area of images printed on the 1,000th sheet and the whiteness of the recording medium to make 
evaluation on image fog. which was measured with REFLECTOM ETER (manufactured by Tokyo Denshoku Co., Ltd.). 

20 A: Less than 1.5%. 

B: From 1 .5% to less than 2.5%. 
C: From 2.5% to less than 4.0%. 
D: Not less than 4.0%. 

25 (4) Blank areas caused by poor transfer: 

[0328] In images printed in the environment of normal temperature and normal humidity, evaluation was visually made 
on characters with a pattern as shewn in Fig. 10A, to examine any blank areas (the state shown in Fig. 10B) caused by 
poor transfer. 

30 

A: Little occur. 

B: Slight blank areas are seen. 
C: Blank areas are a little seen. 
D: Conspicuous blank areas are seen. 

35 

- Evaluation on Matching to Image Forming Apparatus - 

(1) Matching to developing sleeve: 

40 [0329] After the printing test was finished, evaluation was visually made by examining any sticking of the toner remain- 
ing on the developing sleeve surface. 

A: No sticking occurs. 
B: Almost no sticking occurs. 
45 C: Sticking is a little seen. 
D: Sticking is greatly seen. 

(2) Matching to photosensitive drum: 

so [0330] After the printing test wasf inished, evaluation was visually made by examining any scratches on the photosen- 
sitive drum surface and any sticking of the toner remaining thereon. 

A: None of them occurs. 
B: Scratches are seen to slightly occur. 
55 C: Sticking and scratches are seen. 
D: Sticking is greatly seen. 
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(3) Matching to intermediate transfer member: 

[0331 ] After the printing test was finished, evaluation was visually made by examining any scratches on the interme- 
diate transfer member surface and any sticking of the toner remaining thereon. 

A: None of them occurs. 

B: Residual toner is seen to present on the surface. 
C: Sticking and scratches are seen. 
D: Sticking is greatly seen. 

(4) Matching to fixing assembly: 

[0332] After the printing test was finished, evaluation was visually made by examining any scratches on the fixing film 
surface and any sticking of the toner remaining thereon. 

A: None of them occurs. 

B: Sticking is slightly seen. 

C: Sticking and scratches are seen. 

D: Sticking is greatly seen. 

Example 25 

[0333] 





(by weight) 


Resin (1) 


100 parts 


1 , 1 -Bis(4-hydroxypheny0cyclohexane polycarbonate (peak molecular weight: 5,000; 


10 parts 


Mw: 6,000; Mn: 2,500) 




Carbon black (colorant) 


5 parts 


Negative charge control agent (compound of a monoazo dye with iron) 


2 parts 


Low-molecular-weight polyethylene (DSC peak: 107°C) 


5 parts 



[0334] The above materials were premixed, and the mixture obtained was melt-kneaded at 1 30°C by means of a twin- 
screw extruder. The resulting mert-kneaded product was crushed using a hammer mill to obtain a 1 mm mesh-pass 
crushed toner product This crushed toner product was further pulverized using an impact mill utilizing a jet stream, fol- 
lowed by air classification to obtain black powder, toner particles (27), with a weight-average particle diameter of 9.3 
urn. To 100 parts by weight of the toner particles (27) thus obtained, 1 .0 part by weight of hydrophobic silica whose par- 
ent silica particles having a specific surface area of 200 rrfrg as measured by the BET method had been surface- 
treated with a silane coupling agent and silicone oil to have a specific surface area of 1 20 rrf/g was externally added to 
obtain pulverization toner (27). 

[0335] Physical properties of the toner particles and toner thus obtained are shown in Table 1 5. 
[0336] With regard to the toner (27), in its molecular weight distribution as measured by GPC of THF-soluble matter, 
the component having molecular weight of 1,000 or less was separated and collected and this was analysed by H- 
NMR, 13 C-NMR and IR. As a result, as shown in Table 15, the component having in its structure a repeating unit of the 
polycarbonate resin, contained in components having molecular weight of 1,000 or less, was contained in an amount 
of 1 .0% by weight based on the weight of the toner. 

[0337] 1 , 1 -Bis(4-hydroxyphenyl)cyclohexane polycarbonate used in the preparation of the toner (27) was purified by 
repeating reprecipitation with dichloromethan and isopropanol so as to reduce low-molecular-weight corrponent and 
impurity. 

[0338] TEM observation also made on the cross sections of toner particles of this toner revealed that rslandwise As- 
persed polycarbonate resin and low-molecular-weight polyethylene (wax component), not dissolving in each other, 
were dispersed in the whole toner particles. 
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Example 26 

[0339] The toner particles (27) obtained in Example 25 were added in an aqueous solution containing a surface-active 
agent and then surface-treated at 85°C for 2 hours with stirring at a high speed, followed by filtration, washing with 
water and drying to obtain black powder, toner particles (28), with a weight-average particle diameter of 9.6 urn. To 100 
parts by weight of the toner particles (28) thus obtained, 1 .0 part by weight of the same hydrophobic silica as the one 
used in Example 25 was externally added to obtain pulverization toner (28). 
[0340] Physical properties of the toner particles and toner thus obtained are 6hown in Table 1 5. 

Comparative Example 12 

[0341] Toner particles (29) and spherical toner (29) were obtained in the same manner as in Example 26 but not using 
the low-molecular-weight polyethylena 

[0342] Physical properties of the toner particles and toner thus obtained are shown in Table 1 5. 
Comparative Example 13 

[0343] Toner particles (30) and spherical toner (30) were obtained in the same manner as in Example 26 except that 
the pdycartDonate resin 1 . 1 -bis(4-hydroxyphenyl)cyclohexane polycarbonate was not used. 
[0344] Physical properties of the toner particles and toner thus obtained are shown in Table 1 5. 

Example 27 

[0345] Toner particles (31) and spherical toner (31) were obtained in the same manner as in Example 26 except that 
the polycarbonate resin 1,1-bis(4-hydroxyphenyl)cyclohexane polycarbonate was used in an amount of 45 parts by 
weight 

[0346] Physical properties of the toner particles and toner thus obtained are shown in Table 1 5. 
Example 28 

[0347] Toner particles (32) and spherical toner (32) were obtained in the same manner as in Example 26 except that 
the 1 ,1 -bte(4-hydroxyphenyl)cyclohexane polycarbonate was replaced with the one having a peak molecular weight of 
3,500, Mw of 4,000, and Mn of 1.800. 1 ,1-Bis(4-hydraxyphenyl)cydohexane polycarbonate used in the preparation of 
the toner (32) was purified by repeating reprecipitation with dichloromethan and isopropanol so as to reduce low-molec- 
ular-weight component and impurity. 

[0348] Physical properties of the toner particles and toner thus obtained are shown in Table 1 5. 
Example 29 

[0349] Black classified powder was obtained in the same manner as in Example 25 except that the resin (1) was 
replaced with a styrene-butadiene copolymer (Mw: 163.000. Mn: 18,300. Mw/Mn: 8.9). The black classified powder thus 
obtained was added in an aqueous solution containing a surface-active agent, and then surface-treated at 90°C for 2 
hours with stirring at a high speed, followed by filtration, washing with water and drying to obtain toner particles (33) with 
a weight-average particle diameter of 10.5 urn. To 100 parts by weight of the toner particles (33) thus obtained, 1 .0 part 
by weight of the same hydrophobic silica as the one used in Example 25 was externally added to obtain spherical toner 
(33). 

[0350] Physical properties of the toner particles and toner thus obtained are shown in Table 15. 

Example 30 

[0351] 





(by weight) 


Resin (1) 


100 parts 
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(continued) 



10 



15 



Carbon black (colorant) 

Negative charge control agent (compound of a monoazo dye with iron) 
Low-molecular-weight polyethylene (DSC peak: 107°C) 



(by weight) 



5 parts 
2 parts 
5 parts 



[0352] Usingtheabove material 100parts 
by weight of the black powder thus obtained and 10 parts by weight of finely powdery 1,1-bis(44Tydrawhe- 
nyOcyclohexane polycarbonate were dry^prooess mixed by means of a Henschel mixer, followed by surface modifica- 
tion using a hybridizer manufactured by Nara Kikai K.K. to obtain toner particles (34), which were used as sphencd 
toner (34) t 1-Bis(4-hydrQxyphenyl)cyciohexane polycarbonate used in the preparation of the toner (34) was purified 
by repeating reprecipitation with dichloromethan and isopropanol so as to reduce low-molecular^eight component and 
impurity. 

[0353J TEM observation made on the cross sections of toner particles of this toner revealed that layers considered to 
be formed of the polycarbonate resin were seen on the particle surfaces and islandwise dispersed matter considered 
to be the low-molecular-weight polyethylene (wax component), not dissolving in each other, was dispersed inside the 
toner particles. 

[0354] Physical properties of the toner particles and toner thus obtained are shown in Table 15. 
Example 31 

[0355] Into 710 g of ion-exchanged water held in a 2-liter four-necked flask, 560 g of an aqueous 0.1M-Na 3 PO4 solu- 
tion was introduced, and the mixture was heated to 60°C, followed by stirring at 12,000 mm using a high-speed stirrer 
TK-type homomixer (manufactured by Tokushu Kika Kogyo Co., Ltd.). Then, 85 g of an aqueous 1.0M-CaCI 2 soluton 
was added thereto little by little to obtain an aqueous dispersion medium containing a f ine-particle, spanngly water-sol- 
uble dispersion stabilizer. 

[0356] Meanwhile, as a disperse phase (dispensoid), the following was prepared. 



30 
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(by weight) 


Styrene 


80 parts 


n-Butyl acrylate 


20 parts 


Carbon black (colorant) 


5 parts 


1 ,1 -Bis(4-hydroxyphenyl)cyclohexane polycarbonate (peak molecular weight: 5.000; 


5 parts 


Mw: 6.000: Mn: 2,600) 




Carbon black 


5 parts 


Negative charge control agent (compound of a monoazo dye with iron) 


2 parts 


Ester wax (DSC peak: 70°C) 


Sparts 



[0357] Of the abwe formulation, using only the colorant, the monoazo dye Fe compound and the styrene. a master 
batch of carbon black was produced by means of an attritor (manufactured by Mitsui Mining and Smelting Co., Ltd.). 
Next, this master batch and the remaining materials of the above formulation were heated to 60°C to dissolve and dis- 
perse them to form a monomer mixture. To the monomer mixture, 10 g of a polymerization initiator 2,2--azobis(2,4- 
dimethylvaleronitrile) was added and dissolved while maintaining the mixture at 60-C. Thus, a monomer composition 
was prepared. 

[0358] The above monomer composition was introduced into the above aqueous medium prepared in the 2-liter flask 
in the hcxnomixer. followed by stirring at 1 0,000 rpm for 20 minutes at 60'C by means of a TK-type homomixer made to 
have an atmospher of nitrogen, to carry out granulation of the monomer composition. Thereafter, the reaction was car- 
ried out at 60"C for 6 hours while stirring the composition with paddle stirring blades, and thereafter the polymerization 
was earned out at 80°C for 10 hours. .. . . . _ 

[0359] After the polymerization reaction was completed, the reaction product was cooled, and hydrochloric aad was 
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added to dissolve away CaatPO^, followed by filtration, washing with water and drying to obtain black suspension par- 
ticles, toner particles (35), having a weight average particle diameter of about 7.1 jim. 

[0360] To 100 parts byweight of the toner particles (35) thus obtained, t.Spartsby weight of the same hydrophobic 
silica as the one used in toner synthetic Example 1 was externally added to obtain polymerization toner (35). 1 . 1 -Bis{4- 

s hydroxyphenyl)cyclohexane polycarbonate used in the preparation of the toner (35) was purified by repeating repreap- 
itation with dichloromethan and isopropanol so as to reduce low-molecular-weight component and impunty. 
[03611 TEM observation made on the cross sections of toner particles of this toner revealed that layers formed of the 
polycarbonate resin were seen on the particle surfaces and spherical dispersed matter comprised of the low-molecular- 
weight polyethylene (wax component) was dispersed inside the toner particles. 

io [0362] Physical properties of the toner particles (35) and polymerization toner (35) thus obtained are shown in Table 
15. 



Example 32 

is [0363] Toner particles (36) and polymerization toner (36) were obtained in the same manner as in Example 30 except 
that the ester wax was used in an amount of 50 parts by weight. 

[0364] Physical properties of the toner particles (36) and polymerization toner (36) thus obtained are shown in Table 
15. 

zo Comparative Example 1 4 

[0365] Toner particles (37) and polymerization toner (37) were obtained in the same manner as in Example 30 except 

that the polycarbonate resin 1 ,1 -bis(4-hydroxyphenyl)cyclohexane polycarbonate was not used. 

[0366] Physical properties of the toner particles (37) and polymerization toner (37) thus obtained are shown in Table 



25 15. 



30 



35 



Example 33 



[0367] Into 710 g of unexchanged water held in a 2-liter four-necked flask, 560 g of an aqueous 0. 1 M-Na3P0 4 solu- 
tion was introduced, and the mixture was heated to 60°C, followed by stirring at 12,000 rpm using a high-speed stirrer 
TK-type homomixer (manufactured by Tokushu Kika Kogyo Co., Ltd.). Then, 85 g of an aqueous 1.0M-CaCi 2 solution 
was added thereto little by little to obtain an aqueous dispersion medium containing a fine-particle, sparingly water-sol- 
uble dispersion stabilizer. 

[0368] Meanwhile, as a disperse phase (dispersoid), the following was prepared. 



40 



45 



50 



55 



Styrene 
n-Butyl acryiate 

Bisphenol A/biphenol/hexamethylene glycol copolymer polycarbonate (peak molecular 
weight: 30,000; Mw: 42,000; Mn: 16,000) 
CI. Pigment Blue 15:3 (colorant) 

Charge control agent (Al compound of 2,5-cHert-butylsalicyiic acid) 
Ester wax (DSC peak: 70°C) 



(by weight) 



80 parts 
20 parts 
5 parts 

5 parts 
2 parts 
5 parts 



[0369] Of the above formulation, only the colorant, the Al compound of 2,5Kji-tert-butylsalicy1ic acid and the styrene 
were premixed by means of EBARA MILDER (manufactured by Ebara Seisakusho). Next, all the above matenals were 
heated to 60°C to dissolve and disperse them to form a monomer mixture. To the monomer mixture. 10 g of a polymer- 
ization initiator 2,2'^zobis(2,4-dimethylvaleronitrile) was further added and dissolved while maintaining the mixture at 
60°C. Thus, a monomer composition was prepared. 

[0370] The above monomer exposition was introduced into the above aqueous medium prepared in the 2-liter flask 
in the homomixer. followed by stirring at 10.000 rpm for 20 minutes at 60°C by means of a TK-type homomixer made to 
have an atmosphere of nitrogen, to carry out granulation of the monomer composition. Thereafter, the reaction was car- 
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ried out at 60°C for 6 hours while stirring the conposition with paddle stirring blades, and thereafter the polymerization 
was carried out at 80°C for 10 hours. 

[0371] After the polymerization reaction was completed, the reaction product was cooled, and hydrochloric aad was 
added to dissolve away CaafPO^. followed by filtration, washing with water and drying to obtain colored suspension 
Dartides toner particles (38), having a weight average particle diameter of about 6.9 urn. 

[0372] To 1 00 parts by weight of the toner particles (38) thus obtained, 1 .5 parte by weigM of the same hydrophobic 
silica as the oneused in Exarrple 25 was externally added to obtain polymerization toner (38). Bisphenol A/biphe- 
nol/hexamethylene glycol copolymer polycarbonate used in the preparation of the toner (38) was purified by repeating 
reprecipitation with dichloromethan and isopropanol so as to reduce low^olecular-weight component and «^urrty. 
[0373] Physical properties of the toner particles (38) and polymerization toner (38) thus obtained are shown in Table 
15. 

Example 34 

[0374] Into 710 g of ion-exchanged water held in a 2-liter four-necked flask, 520 g of an aqueous 0.1M-Na 3 PO 4 solu- 
tion was introduced, and the mixture was heated to 60*C. folded by stirring at 1 2*00 rpm using a ^O^^er 
TK-type homomixer (manufactured by Tokushu Kika Kogyo Co., Ltd.). men. 85 g of an aqueous I.OM-CaCl^uton 
was added thereto little by little to obtain an aqueous dispersion medium containing a fmef>ai1.cle. sparingly water-sol- 
uble dispersion stabilizer. 
20 [0375] Meanwhile, as a disperse phase (dispereoid), the following was prepared. ; 
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Styrene 

n-Butyl acrylate 

1-Phenyl-1 .1 -bis(4-hydroxyphenyl)ethane polycarbonate (peak molecular weight: 20.000; 

Mw: 32,000; Mn: 10.000) 

C.I. Pigment Red 202 (colorant) 

Charge control agent (Al compound of 2,5<li-tert-butylsalicylic acid) 

Ester wax (DSC peak: 70°C) 



(by weight) 



80 parts 
20 parts 
5 parts 

5 parts 
2 parts 
5 parts 



[0376] Of the above formulation, only the colorant, the Al compound of 2.5-di-tert-butylsalicylic aad and the styrene 
were premixed by means of EBARA MILDER (manufactured by Ebara Seisakusho). Next, all the above matenals ^were 
heated to 60°C to dissolve and disperse them to form a monomer mixture. To the monomer mature. 10 g of a polymer- 
ization initiator 2.2'-azobis(2.4<iimethylvale ro nitrile) was further added and dissolved while maintaining the mixture at 
60°C. Thus, a monomer composition was prepared. 

[03771 The above monomer composition was introduced into the above aqueous medium prepared in the 2-liter flask 
in the homomixer. followed by stirring at 10.000 rpm for 20 minutes at 60'C by m ^i aTK ^ e j"~^^ to 
have an atmosphere of nitrogen, to carry out granulation of the monomer composition. Thereafter me rM *™ ^ ^ 
ried out at 60°C for 6 hours while stirring the composition with paddle stirring blades, and thereafter the polymenzaton 

S^Atte^ Ittie potymerirati on^Sction was completed, the reaction product was cooled, and hydrochloric acid was 
added to dissolve away Ca^PO^. followed by filtration, washing with water and drying to obtain colored suspension 
particles, toner particles (39), having a weight average particle diameter of about 7.1 urn . nhir 
[0379] To100partsby weight of the toner particles (39) thus obtained. 1.5partsby f *«» me * e 
silica as the one used in Example 25 was externally added to obtain polymerization toner (39). 1?^\ 1 *2*; 
hydroxyphenyl)ethane polycarbonate used in the preparation of ttie toner (39) was purified by repeating reprecipitation 
with dichloromethan and isopropanol so as to reduce low-molecular^eight component and impurity. 
[0380] Physical properties of the toner particles (39) and polymerization toner (39) thus obtained are shown in Table 
15. 
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Example 35 
[0381] Asadii 



isperse phase (dispersoid), the following was prepared. 



w 



15 



20 



25 



30 



Styrene 

n-Butyl acrylate 

2,2-Bis(3-methy|H4-hydroxyphenyl)propane polycarbonate (peak moleajlar weight: 8.000; 

Mw: 12,000; Mn: 4,000) 

C.I. Pigment Yellow 1 7 (colorant) 

Charge control agent (Al compound of 2,5Kji-tert-butylsalicylic acid) 

Ester wax (DSC peak: 70°C) 



(by weight) 



80 parts 
20 parts 
5 parts 

5 parts 
2 parts 
5 parts 



[0382] Under the above formulation, toner particles (40) were produced in the same manner as in Example j 33 and 
tr^uteequentproc^urewasal^ 

^2°?i& polycarbonate used in the preparation of the toner 

f iSby relating reprecipitation with dichloromethan and isopropanol so as to reduce low-molecular-weight component 

SSlT^sical properties of the toner particles (40) and polymerization toner (40) thus obtained are shown in Table 
15. 

Comparative Example 15 
[0385] 



40 



50 



Resin (1) 

1,1-Bis(4-hydroxyphenyl)cyclohexane polycarbonate (peak molecular weight 3,000; Mw: 3,500; 
Mn: 1.000) 

Carbon black (colorant) 

Negative charge control agent (compound of a monoazo dye with iron) 

Low-molecular-weight polyethylene (DSC peak: 107°C) 



(by weight) 



50 parts 
50 parts 

5 parts 
2 parts 
5 parts 



[0386] Theabovematerialswerepremixed.andthem-^ 

screw extruder. The resulting melt-kneaded product was crushed using a hammer mill to obtain a 1 mm me^-pass 
Sshed toner product. Thtecrushed toner product was further P^erized using an i^ 
^byairclL^^ 

aer* 9 3 urn To 100 parts by weight of the comparative toner particles (41) thus obtained. 1.0 part by weight of 
^roplSic^ whos^em rita particles having a spec* ic surface area of 200 JM- «J 

riShod had been surface-treated with a silane coupling agent and silicone oil to have a specrfic surface area of 120 
rrftg was externally added to obtain comparative puVerization toner (41). 
St] Physical properties of thecomparatrve^^ 

[0388] 1 , 1 -Bis(44iydroxyphenyl)cyclohexane polycarbonate used in the preparation of th comparative toner (41) was 
not purif ied by reprecipitation. 
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- Evaluation Method - 

[0389] As an electrophotographic apparatus, a 600 dpi laser beam printer (LBP-860, manufactured by CANON INC.) 
was used. This was remodeled to have a process speed of 60 mnvs. A cleaning rubber blade was detached from a 
process cartridge of this apparatus to change the charging system of this apparatus to direct charging carried out by 
bringing a rubber roller into contact A voltage of a DC component (-1,200 V) was applied. 
[0390] Next, the developing part of the process cartridge was altered. In place of 1 siainless steel sleeve which was 
a toner feeding member, a medium-resistance rubber roller (diameter: 16 mm; hardness: ASKER C 45 degrees; resist- 
ance- 10 s n«cm) comprised of silicone rubber having carbon black dispersed therein was used as the toner carrying 
member, and was brought into contact with the photosensitive member. Here, the development nip width was so set as 
to be about 3 mm. The toner carrying member was so driven as to be rotated in the same direction as the photosensibve 
member at the former s part coming into contact with the latter and at a peripheral speed of 150% with respect to the 
rotational perpheral speed of the photosensitive member. 

[0391] As a photosensitive member used here, an aluminum cylinder of 30 mm d.ameter and 254 mm long was used 
as a substrate, and layers constituted as shown below were successively formed thereon in layeis by dip coating to pro- 
duced the photosensitive member. 

(1) Conductive coating layer: Mainly composed of powders of tin oxide and titanium oxide dispersed in phenol resin. 
Layer thickness: 15 \im. 

(21 Subbing layer: Mainly composed of a modified nylon and a copolymer nylon. Layer thickness: 0.6 urn. 

(3) Charge generation layer: Mainly composed of a litanyl pmhatocyanine pigment having absorption in long wave- 
length range, dispersed in butyral resin. Layer thickness: 0.6 urn. - 

(4) Charge transport layer: Mainly composed of a hole-transporting triphenylamine compound disced in a poly- 
carbonate resin (molecular weight: 20.000 as measured byOstwaW viscometry) in weight ratio of 8:10. Layer thick- 
ness: 20 tun. 

[0392] As a means for coating the toner on the toner carrying member, a coaling roller comprised of foamed urethane 
rubber was provided in the developing assembly and was brought into contact with the toner canying member A volt- 
age of about -550 V was applied to the coating roller. Also, for the purpose of coat layer control of the toner on the toner 
carrying member, a restated blade made of stainless steel was so attached as to come into oontad I wittv Bre toner 
carrying member at a linear pressure of about 20 g/cm. (This is schematically shown in Fig. 8). The voltage applied at 
the time of development was only a DC component (-450 V). . 
[0393] To make adaptation to the process cartridge as altered as described above, the electrophotographic apparatus 
was remodeled and its process conditioned were set as described below. 

[0394] The remodeled apparatus has a process comprising uniformly charging the image bearing member by means 
of a roller charging assembly (only a DC current is applied), subsequently to the charging, exposing image areas to 
laser light to form an electrostatic latent image, forming the latent image into a visible image (toner image) by the use 
of the toner, and thereafter transferring the toner image to a recording medium by the aid of a roller to which a voltage 
is applied. This is schematically shown in Fig. 8. 

[0395 The photosensitive member was set to have a dark-area potential of -600 V and a light-area potential of -1 50 
V. Paper of 75 g/m 2 in basis weight was used as transfer mediums. ttmmm * m 
[0396] Using the above image forming apparatus, a running test was made in an environment of 10 C temperature 
and 10% relative humidity by the use of the pulverization toners (27) and (41). spherical toners (28) to (34) and polym- 

[0397| 0n To eiluate'nlnn'Lg performance, character images were printed at a print area percentage of 3% to make 
evaluation on the following points. 

[0398] Charging roller contamination by toner was judged by the ordinal number of sheet on which faulty charging due 

to charging member contamination occurred on halftone images. 

[Q399] Melt-adhesion of toner to photosensitive member and melt-adhesion to developing sleeve were examined on 
the presence or absence of melt-adhesion by observing the photosensitive member surface and developing sleeve sur- 
face at the stage where white spots appeared on solid black images. When no melt-adhesion was seen to occur, the 
evaluation of running performance was continued. „ 
[0400] When none of the charging roller contamination, melt-adhesion to photosensitive member and melt-adhesion 
to developing sleeve occurred, the printing of images was continued up to 1 .500 sheete. It means that, the greater the 
ordinal number of sheet on which they occurred was. the better running performance the toner had. 
[0401] To evaluate transfer performance at the initial stage of running, the toner remaining on the photosensitive mem- 
ber after transfer at the time of development of solid black images was taken off by taping with Mylar tape, and the tape 
with toner was stuck on white paper. From the Macbeth density measured thereon, the Macbeth density measured on 
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tape alone (without toner) stuck on white paper was subtracted to obtain numerical values, according to which evalua- 
tion was made. Thus, the smaller the value is, the better the transfer performance is 

[0402] Resolution at the initial stage of running was evaluated by examining the reproducibility of small-diameter iso- 
lated individual dots at 600 dpi. which tend to form closed electric fields on account of latent-image electric fields and 
are difficult to reproduce. 

A (Very good): Missing dots are 5 or less per 100 dots 
B (Good): Missing dots are 6 to 10 per 100 dots. 
C (Average): Missing dots are 1 1 to 20 per 100 dots. 
D (Not good): Missing dots are 20 or more per 100 dote. 

[0403] To evaluate anti-offset properties, any stains occurring on the back of image samples at the stages of from 
initial to 100-sheet running were observed to court the number of sheete stained. _ 
[0404] Fog was measured by measuring it with REFLECTOMETER MODEL TC-6DS. manufactured by Tokyo Den- 
shoku Co Ltd As filters, an amber light filter was used for the polymerization toner (38). a blue filter for the polymeri- 
zation toner (40). and green filters for the other toners The fog was calculated according to the following expression. 
The smaller the value is. the less the fog is. 

Fog (reflectance) (%) = [reflectance (%) of standard paper] - [reflectance (%) of non-image area of sample] 
[0405] Results obtained are shown in Table 1 6. 
Examples 36 & Comparative Example 1 7 

[0406] Under test conditions as shown below, running performance was evaluated on full-color images. ^ 
[0407] Fig 1 schematically illustrates a cross section of an image forming apparatus used in the present Example 36 
and Comparative Example 1 7. Fig. 9 illustrates a developing system of the image forming apparatus. 
[0408] Tne photosensitive drum 1 comprises a substrate 1a and provided thereon a photosensitive layer lb having 
an agaric photo-semiconductor, and is related in the direction of an arrow. By means of the crwgingroller2 the con- 
ductive elastic layer 2a and the mandrel 2b) facing the photosensitive drum and rotating in contact with it the surface 
of the photosensitive drum 1 is electrostatically charged to have a surface potential of about -600 V. Exposures carried 
out using a polygon mirror by on-off control on the photosensitive drum 1 in accordance with digital image inforrrratton, 
whereby an decfrostatic latent image with an exposed-area potential of -100 V and a dark-area potential of *00 V is 
formed. The polymerization toners (38). (39) and (40) and the polymerization toner (35) (Exan^e36^r (37) (Compar- 
ative Example 17) are put into developing assemblies 4-1 . 4-2. 4-3 and 4-1. respectively. An eledrosfatc latent .mage 
formed on the photosensitive member is reverse-developed by a non-magnetic one-component development system, 
so that toner images of respective color are formed on the photosensitive member 1. The toner images are successively 
transferred to the intermediate transfer member 5. and are finally transferred at one time to the record.ngmedium 6 
Here the toner not transferred to and remaining on the photosensitive member 1 is removed by deaning with a cleaner 
member 8. and the toner remaining on the intermediate transfer member 5 is removed by cleaning with a cleaner mem- 

[0409] The intermediate transfer member 5 is comprised of the pipe-like mandrel 5b and the elastic layer 5a provided 
thereon by coating, formed of nrtrye-butadiene rubber (NBR) in which carbon black conductivity^rov.ding agent has 
teerTwell dispersed. The coat layer 5a thus formed has a hardness according to JIS K-6301 . of 20 degrees and a vol- 
ume resistivity of 10 9 n • cm. Transfer electric current necessary for the transfer from the photosensrtive drum 1 to the 
intermediate transfer member 5 is about 5 nA. which can be obtained by applying a voltage of +1 .000 V to the mandrel 

SmoT a ThttranSerroner 7 has an external diameter of 20 mm The transfer roller 7 has an elastic layer 7a formed by 
coaling on a mandrel 7b of 10 mm diameter, a foamable material of an ethyleneDropylene-diene terpolymer (EPDM) 
in which carbon corxJucthrity-providing agent has been well dispersed. As the elastic layer 7* the ^ sho^ng a vol- 
ume resistivity of 10 6 n • cm and a hardness according to JIS K-6301 , of 35 degrees was used. A voltage was applied 

to the transfer roller to flow a transfer current of 15 |»A 

[0411] In the heat fixing assembly H, afixing assembly of a hot-roll type having no function of oil application was used. 
[0412] Under the above conditions, a running test was continuously made on 1.500 sheete at maximum in an envi- 
ronment of 30°C temperature and 80% relative humidity by printing images with a image area percentage of 10%. at a 
paper feed rate of 8 sheets(A4-size)/minute to make evaluation. 

[0413] Evaluation on the melt-adhesion of toner to photosensitive member and melt-adhesion to developmg sleeve 
was made in the same manner as in Examples 25 to 35. Melt-adhesion of toner to intermediat transfer member was 
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examined on the presence or absence of melt-adhesion by observing the intermediate transfer member B^c^ the 
stage where white spots appeared on solid black images. When no melt-adhesion was seen to occur, the evaluation of 
running performance was continued. _ . 

ro4i41 When none of the charging roller contamination, melt-adhesion to photosensitive member and melt-adhesion 

ordinal nurtfcer of sheet on which they occurred was, the better running performance the toner had. 
[041 5J Resute of the above evaluation are summarized in Table 1 7. 
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Table 17 







Mett-adhesion to: 




Development posi- 
tion (see Fig.2) 


Toner 


Photosensitive 
member occurred 
on: 


Developing sleeve 
. occurred on: 


intermediate transfer 
member occurred on: 


Example 36: 






4-1 
4-2 
4-3 
4-4 


Polymerization toner (38) 
Polymerization toner (39) 
Polymerization toner (40) 
Polymerization toner (35) 


None 

« 

*t 


None 
■ 


None 

H 

m 

m 


Comparative Examf 


>le 17: 




4-1 
4-2 
4-3 
4-4 


Polymerization toner (38) 
Polymerization toner (39) 
Polymerization toner (40) 
Polymerization toner (37) 


600th sheet 

it 

n 


800th sheet 

* - - 

m 
n 


700th sheet 
» 

M 



[0416] A toner is comprised of a binder resin, a colorant and a wax. The binder resin has a polycarbonate resin in an 
amount of from 0.1% by weight to 50.0% by weight and a resin other than the polycarbonate resin in an amount of from 
50 0% by weight to 99.9% by weight, based on the weight of the binder resin. In molecular weight distribution as meas- 
ured by gel permeation chromatography of tetirahydrofuran-soluble matter, the toner contains in an amount of 15.0% by 
weight or less based on the weight of the toner a component which has in its structure a repeating unit of the polycar- 
bonate resin and is contained in components having a molecular weight of 1 ,000 or less. 



Claims 

1 . A toner comprising a binder resin, a colorant and a wax, wherein; 

said binder resin has a polycarbonate resin in an amount of from 0.1% by weight to 50.0% by weight and a 
resin other than the polycarbonate resin in an amount of from 50.0% by weight to 99.9% by weight based on 
the weight of the binder resin; and 

in molecular weight distribution as measured by gel permeation chromatography of tetrahydrofuran-soluble 
matter, said toner contains in an amount of 1 5.0% by weight or less based on the weight of the toner a compo- 
nent having in its structure a repeating unit of the polycarbonate resin, contained in components having molec- 
ular weight of 1 ,000 or less. 

2 The toner according to claim 1 , wherein, in molecular weight distribution as measured by gel permeation chroma- 
tography of tetrahydrofuran-soluble matter, said toner contains in an amount of 10.0% by weight or less based on 
the weight of the toner the component having in its structure a repeating unit of the polycarbonate resin, contained 
in components having molecular weight of 1,000 or less. 

3 The toner according to claim 1 , wherein, in molecular weight distribution as measured by gel permeation chroma- 
tography of tetrahydrofuran-soluble matter, said toner contains in an amount of 5.0% by weight or less based on 
the weight of the toner the component having in its structure a repeating unit of tine polycarbonate resin, contained 
in components having molecular weight of 1.000 or less. 

4 Th toner according to claim 1 , wherein, in molecular weight distribution as measured by gel permeation chroma- 
tography of tetrahydrofuran-soluble matter, said polycarbonate resin has a peak molecular weight in the region of 
molecular weight of from 1,000 to 500.000. 

5. The toner according to claim 1 . wherein, in molecular weight distribution as measured by gel permeation chroma- 
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tography of tetrahydrofuran-soluble matter, said polycarbonate resin has a peak molecular weight in the region of 
molecular weight of from 2,000 to 100,000. 

6. The toner according to claim 1 , wherein said resin other than the polycarbonate resin comprises at least one kind 
s of resin selected from the group consisting of a styrene-acrytic resin, a polyester resin and an epoxy resin. 

7. The toner according to claim 1 , which has a shape factor SF-1 of from 1 00 to 1 60 and a shape factor SF-2 of from 
100 to 140 as measured by an image analyzer. 

w 8. The toner according to claim 1 , which has a shape factor SF-1 of from 100 to 1 40 and a shape factor SF-2 of from 
100 to 120 as measured by an image analyzer. 

9. The toner according to daim 1 , which has a ratio of shape factor SF-1 to shape factor SF-2, (SF-2)/(SF-1), of 1 .0 
or less. 

15 

10. The toner according to claim 1, which has a weight-average particle diameter of from 2 urn to 10 urn. 

11. The toner according to daim 1. which has a weighfcaverage partide diameter of from 4 jim to 8 \an. 

20 12. The toner according to daim 1 , which has a coefficient of variation (A) of 35% or less in the number distribution of 
the toner as calculated according to the following expression: 

Coeffident of variation A = [S/D ,] x 100 

25 wherein S represents a value of standard deviation in the number distribution of toner partides, and represents 
number-average partide diameter (|im) of the toner partides. 

13. The toner according to claim 1, which contains said wax in an amount of from 0.1% by weight to 50% by weight 
based on the weight of the toner. 

30 

14. The toner according to claim 1, which contains said wax in an amount of from 0.5% by weight to 30% by weight 
based on the weight of the toner. 

1 5. The toner according to daim 1 , wherein said wax has a maximum endothermic peak within the temperature range 
35 of from 40°C to 130°C at the time of temperature rise, in the DSC curve as measured with a differential scanning 

calorimeter. 

1 6. The toner according to daim 1 , wherein said wax has a maximum endothermic peak within the temperature range 
of from 50°C to 100°C at the time of temperature rise, in the DSC curve as measured with a differential scanning 

40 calorimeter. 

17. The toner according to claim 1 , wherein said polycarbonate resin is present on the surfaces of toner particles of the 
toner. 

45 18. The toner according to claim 1, wherein said polycarbonate resin is present on the surfaces of toner particles of the 
toner and said wax is dispersed in the toner partides. 

19. The toner according to daim 1 7, wherein said polycarbonate resin on the surfaces of toner partides of the toner is 
present continuously. 

50 

20. The toner according to daim 1 7, wherein said polycarbonate resin on the surfaces of toner partides of the toner is 
present cfiscontinuously. 

21. The toner according to claim 1, which comprises polymerization toner partides produced by polymerizing in an 
55 - aqueous medium a polymerizable monomer composition containing at least a polymerization monomer, the color- 
ant the wax and the pdycarbonat resin. 

22. An image forming method comprising; 
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(I) a charging step of externally applying a voltage to a charging member to electrostatically charge an electro- 
static latent image bearing member; . t .. 

(II) a latent-image forming step of forming an electrostatic latent image on the electrostatic latent .mage bear- 

So a^SStSp^devetoping the electrostatic latent image formed on the electrostatic latent image 
hearina member, by the use of a toner to form a toner image; . 
O^mlrSp of transferring the toner image formed on the electrostatic latent image bearmg member, to 

a recording medium via. or not via. an intermediate transfer member; and , innm0f n,, m - 

(V) a f ixing step of heaMixing to the recording medium the toner image transferred to the recording med,um. 

said toner comprising a binder resin, a colorant and a wax wherein; ^ . _ . 

Sd SSJSi has a polycarbonate resin in an amount of from 0.1% by weight to 50.0% by weight and 
a re^n Ser than the polycarbonate resin in an amount of from 50.0% by weight to 99.9% by w«ght. 
based on the weight of the binder resin; and ■ L _ J i, J j., n n cni.. 

in molecular weight distribution as measured by gel permeation chromatography of tetraMrof^an-so u- 
ble matter, said toner contains in an amount of 15.0% by weight or less based on the weight of the tonera 
component having in its structure a repeating un» of the polycarbonate resin, contained in components 
having molecular weight of 1 .000 or less. 

to 23. Theinrcgeformingmethodaccord^^ 

less based on the weight of the toner the component having .n its structure a repeating unit of the polycarbonate . 
resin, contained in components having molecular weight of 1 .000 or less. 

* 24. The image forming method according to claim 22, wherein, in 

meation chromatography of tetrahydrofuran-soluble matter, said toner contains in an amount of S^bywatfn : or 
leS based on toeweSght of the toner the component having in its structure a repeating unrt of the polycarbonate 
resin, contained in components having molecular weight of 1 .000 or less 

so 25 The imaoe forming melhod according to claim 22. wherein, in molecular weight distribution as measured by gel per- 
m?ati^ c^romSraphy of tetrahydrofuran-soluble matter, said polycarbonate resin has a peak molecular we.ght 
in the region of molecular weight of from 1 .000 to 500.000. 

26 The image forming method accoiding to claim 22. wherein, in molecular weight distribution as measured by gel per- 

* ml^^Xaphy of tetrarv^-soluble matter, said ootyca*onate resin has a peak molecular we,ght 
in the region of molecular weight of from 2,000 to 100.000. 

27 The imaoe forming method according to daim 22. wherein said resin other than the polycarbonate resin comprises 
atTeaToneTnd of resin selected from the group consisting of a styrene-acrytic res*, a polyester resin and an 

40 epoxy resin. 

28. The image forming method according to claim 22. wherein said toner has a shape factor SF-1 of from 100 to 160 
and a shape factor SF-2 of from 100 to 140 as measured by an image analyzer. 

« 29. The image forming method according to claim 22. wherein said toner has a shape factor SF-1 of from 100 to 140 
and a shape factor SF-2 of from 1 00 to 120 as measured by an image analyzer. 

30. The image forming metoodaca^ toshape fac- 

ta SF-2, (SF-2)/(SF-1). of 1.0 or less. 

50 31. The image forming method according to claim 22. wherein said toner has a weight-average particle diameter of 
from 2 um to 10 jim. 

32. The image forming method according to claim 22. wherein said toner has a weight-average particle diameter of 
55 from 4 jim to 8 jim. 

33. The image forming method according to claim 22. wherein said toner has a coefficient of variation (A) of 35% or 
less in the number distribution of the toner as calculated according to the following express.™. 
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Coeff icient of variation A = [S/D x 100 

wherein S represents a value of standard deviation in the number distribution of toner particles, and D, represents 
number-average particle diameter (vim) of the toner particles. 

34. The image forming method according to claim 22, wherein said toner contains said wax in an amount of from 0. 1% 
by weight to 50% by weight based on the weight of the toner. 

35. The image forming method according to claim 22. wherein said toner contains said wax in an amount of from 0.5% 
by weight to 30% by weight based on the weight of the toner. 

36 The image forming method according to claim 22. wherein said wax has a maximum endolhermic peak within the 
' temperature range of from 40»C to 130»C at the time of temperature rise, in the DSC curve as measured wrth a dif- 
ferential scanning calorimeter. 

37 The image forming method according to claim 22. wherein said wax has a maximum endolhermic peak within the 
temperature range of from SQ'C to 100°C at the time of temperature rise, in the DSC curve as measured wrth a dif- 
ferential scanning calorimeter. 

38. The image forming method according to daim 22. wherein said polycarbonate resin is present on the surfaces of 
toner particles of said toner. 

39. The image forming method according to claim 22. wherein said polycarbonate resin is present on the surfaces of 
toner particles of said toner and said wax is dispersed in the toner particles. 

40. The image forming method according to claim 38. wherein said polycarbonate resin on the surfaces of toner parti- 
cles of the toner is present continuously. 

41. The image forming method according to claim 38. wherein said polycarbonate resin on the surfaces of toner parti- 
cles of the toner is present discontinuously. 

42. The image forming method according to claim 22. wherein said toner comprises polymerization toner particles pro- 
duced by polymerizing in an aqueous medium a polymerizaWe monomer composition containing at least a polym- 
erization monomer, the colorant, the wax and the polycarbonate resin. 

43. The image forming method accoiding to claim 22. wherein, in said developing step, said toner participates in the 
development while being earned on the surface of a toner carrying member; 

said toner carrying member being set to have a surface movement speed from 1 .05 to 3.0 times the surface 

movement speed of the electrostatic latent image bearing member; and 

said toner carrying member having a surface roughness Ra of 1.5 nm or smaller. 

44. The image forming method according to claim 22. wherein, in said developing step, said toner participates in the 
development while being earned on the surface of a toner carrying member; 

said toner carrying member having a non-magnetic sleeve and a magnet provided inside the non-magnetic 

a ferromagnetic metal Wade being provided, leaving a space between the blade and the surface of the non- 
magnetic sleeve, to form a toner layer on said toner carrying member. 

45. The image forming method according to claim 22, wherein, in said developing step: 

said toner participates in the development while being carried on the surface of a toner carrying member; and 
an elastic blade is brought into touch with the surface of said toner carrying member to form a toner layer on 
the toner carrying member. 

46. The image forming method according to claim 22, wherein, in said developing step, said toner participates in the 
development while being earned on the surface of a toner carrying member; 
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said toner carrying member being so provided as to have a gap between its surface and the surface of the elec- 
trostatic latent-image bearing member, and a development bias having an aitemating bias is applied to said 
toner carrying member at the time of development. 

47 The image farming method according to claim 22, wherein, in said charging step, a charging member to which a 
vottage is externally applied is brought into contact with the surface of the electrostatic latent image beanng mem- 
ber to electrostatically charge the electrostatic latent image bearing member. 

48. The image forming method accoiding to daim 22, wherein, in said fixing step, the toner image is fixed to the record- 
ing medium by means of a heat fixing assembly in which any offset-preventive agent is not fed to its fixing member. 

49 The image forming method according to daim 22. wherein, in said fixing step, the toner image is fixed to the record- 
ing medium by means of a heat fixing assembly not having any deaning member coming into contact with the sur- 
face of a fixing member to dean the surface of the fixing member. 

50 The image forming method according to daim 22. wherein, in said fixing step, the toner image is fixed to the record- 
ing medium by means of a heat fixing assembly which applies heat and pressure in the state the toner image hav- 
ing been transferred to the surface of the recording medium is brought into contact with a film. 

51 . The image forming method according to claim 22. wherein, in said developing step; 

the electrostatic latent image is developed by a developing means which holds said toner: and 
an image is formed by a toner reuse system in which the toner remaining on ttie surface of the electrostatic 
latent image bearing member after transfer is collected to dean the surface, the toner collected is fed to the 
developing means and the collected toner is made to be held in the developing means so as to be again used 
to develop an electrostatic latent image. 

52. The image forming method accoiding to claim 22, wherein, in said transfer step, the toner image formed on the 
electrostatic latent image bearing member is transferred from the electrostatic latent image bearing member to the 
recording medium not via the intermediate transfer member. 

s 

53. The image forming method according to daim 52. wherein, in said transfer step, the toner image is transfened by 
bringing a transfer member to which a voltage is externally applied, into contact with the surface of the electrostatic 
latent image bearing member through the recording medium. 

54. The image forming method acceding to claim 52, wherein, in said transfer step, the toner image formed on the 
electrostatic latent image bearing member is primarily transferred to the intermediate transfer member, and the 
toner image primarily transferred to the intermediate transfer member is secondarily transferred to the recording 
medium. 

55. The image forming method according to claim 54. wherein, in said transfer step, the toner image is secondarily 
transferred to the recording medium by bringing a transfer member to which a voltage is externally applied, into 
contort with the surface of the intermediate transfer member through the recording medium. 

56. The image forming method according to claim 22, wherein, in said developing step, a toner layer formed of said 
toner is formed on the surface of a toner carrying member, and the electrostatic latent image is developed in the 
state at least the toner layer on the toner carrying member comes into contact with the surface of the electrostatic 
latent image bearing member at the lime of development. 

57. The image forming method according to claim 22, wherein, in said developing step; 

a toner layer formed of said toner is formed on the surface of a toner carrying member, and the electrostatic 
latent image is developed in the state at least the toner layer on the toner carrying member comes into contact 
with the surface of the electrostatic latent image bearing member at the time of development; and 
■ an image is formed by a deareng-at-development system in which the toner remaining on the surface of the 
electrostatic latent image bearing member after transfer is collected to the surface of the toner carrying mem- 
ber to dean the former's surface, and the toner collected is made to be carried on the toner carrying member 
so as to be again used to develop an electrostatic latent image. 
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